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I, REAL PARTY OF INTEREST 

The Real Party of Interest is 3M Innovative Properties Company, a Delaware 
corporation and a wholly owned subsidiary of 3M Company. 3M Innovative Properties 
Company is the assignee of the instant application. 

II. RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences for the above-referenced patent 
application. 

III. STATUS OF CLAIMS 

Claims 1, 2, 4-7 and 9-13, as set forth in Appendix 1 attached herewith, are 
pending and are the subject of the present appeal. 

The case was originally filed with claims 1-24. In an amendment dated 
November 27, 2001 , claim 25 was added and minor corrections were made to claims 2, 
3, 10 and 17. In a paper issued on February 27, 2002, (Appendix 2-A), Applicants were 
required to elect one of two species. In a response dated March 27, 2002 (Appendix 2- 
B), Applicants made preliminary amendments to the claims, canceling claims 20 and 21, 
and elected Species B, indicating that all pending claims read on the elected species. A 
restriction requirement and supplemental species election was issued on June 18, 2002 
(Appendix 2-C). A response to the restriction requirement was submitted on July 18, 
2002 (Appendix 2-D), in which Group I, claims 1-12 and 25, was elected with traverse. 
Also, the Appellants selected, with traverse, the following species: i) a rear projection 
system; ii) the first polarization direction being s-polarization and iii) the beamsplitter 
being a multilayer film beamsplitter. Appellants also indicated that claims 13 and 19 
were generic. 

An Office Action was issued on October 24, 2002 (Appendix 2-E). In the Office 
Action, the Examiner indicated that although claim 13 was considered to be generic, 
claim 19 was not considered to be generic. Claims 3, 8, 14-19 and 22-25 were 
withdrawn from consideration, and claims 1, 2, 4-7 and 9-13 were rejected. In a 
subsequent response (Appendix 2-F), mailed January 24, 2003, Appellants added new 
claim 26. In the Final Office Action dated May 9, 2003, (Appendix 2-G), claim 26 was 
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withdrawn from consideration. Consequently, claims 3, 8, 14-19 and 22-26 are 
currently withdrawn from consideration, and claims 1, 2, 4-7 and 9-13 are pending. 

IV. STATUS OF AMENDMENTS 

A response to the final Office Action dated May 9, 2003, was submitted by 
Appellants on July 9, 2003 (Appendix 2-H). Appellants presented arguments in this 
response to distinguish the claimed subject matter from the cited prior art, and 
requesting the Examiner to reconsider the claims. 

By way of Advisory Action, mailed July 28, 2003, (Appendix 2-I), this Response 
was deemed not to place the application in condition for allowance, for the reasons set 
forth in the Final Office Action. 

Since the response of May 9, 2003 included no amendments to the claims, there 
are no outstanding amendments. Therefore, the list of appealed claims presented in 
Appendix 1 lists the claims as finally rejected in the Office Action of May 9, 2003. 

V. SUMMARY OF THE INVENTION 

The invention is best described first with respect to claim 13. Claim 13 is 
directed to a projection system, for example such as is shown in FIGs. 1b and 2b below, 
and described generally at page 10, line 23 - page 14, line 23. The projection system 
includes a Cartesian polarizing beam splitter defining a first tilt axis and a color 
separation prism assembly that has a second tilt axis. The Cartesian polarizing beam 
splitter and the prism assembly are arranged such that the first and the second tilt axes 
are perpendicular to each other. 

A definition of a Cartesian PBS is presented at page 7, lines 16-17, viz. a 
Cartesian PBS is one in which the polarization of the separate beams is referenced to 
invariant, generally orthogonal, principal axes of the PBS. A Cartesian PBS is further 
defined in the parent case (U.S. 6,485,997 B1), incorporated in the present application 
by reference, as having a structural orientation defining fixed polarization axes. A 
reflective Cartesian PBS substantially reflects those components of a beam of light 
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which are polarized along one such fixed axis, called the Material Axis (col. 4, lines 17- 
22). 

Consequently, the interaction of the Cartesian PBS is characterized by how the 
incident light is polarized with respect to the PBS axis. For light in a polarization state 
that is transmitted by the PBS, a Cartesian PBS transmits substantially all the incident 
light, even if the incident light is not polarized parallel to the plane of incidence, so long 
as the light is polarized parallel to the correct axis of the polarizer. Examples of 
Cartesian polarizers include multiple polymer layer film polarizers and wire grid 
polarizers. 

The tilt axis of the Cartesian PBS is shown in FIG. 2b as axis 56. The tilt axis lies 
in the plane of a reflecting/transmitting surface, and represents that axis about which the 
reflecting/transmitting surface is rotated, or tilted, so that the reflecting/transmitting 
surface is not normal to the incident light. Accordingly, light 60 enters the PBS 30 and 
is reflected by the PBS film 32 which is rotated about the tilt axis 56 so as to reflect the 
light at an angle of approximately 90°. The tilt axis is perpendicular to the plane of 
incidence, i.e. the plane formed by the directions of the incident light and the reflected 
light. 

The light reflected from the PBS 30 is directed into the color prism assembly 36. 
The color prism assembly 36 has color separating surfaces that are non-normal to the 
incident light. The tilt axes of the color prism assembly are shown as axes 58. These 
tilt axes represent the axes about which the color separating surfaces would be rotated 
to make these surfaces normal to the incident light. In FIG. 2b, the tilt axes 58 of the 
prism assembly are perpendicular to the tilt axis 56 of the PBS 30. This contrasts with 
the system shown in FIG. 2a below, in which the tilt axes 58 of the prism assembly are 
parallel with the tilt axis of the PBS 30. In the invention of claim 13, the prism assembly 
has a tilt axis that is perpendicular to the tilt axis of the PBS, like the embodiment 
illustrated in FIG. 2b. 
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Figure 2a 




* 62 



FIG. 2a from the present application 



A 



Figure 2b 




FIG. 2b from the present application 
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Since the tilt axis for an optical element lies perpendicular to the plane of 
incidence, i.e. the plane formed by the incoming and reflected light, a straightforward 
test for determining whether the tilt axis for the PBS is perpendicular to the tilt axis of 
the prism assembly is to examine the reflection planes for the PBS and the prism 
assembly. If the reflection planes of the PBS and prism assembly are perpendicular, 
then the tilt axes are perpendicular. If the reflection planes are parallel, then the tilt 
axes are parallel. 

The invention of claim 1 is also described generally at page 10, line 23 - page 
14, line 23, and with respect to FIGs. 1b and 2b. Claim 1 is directed to an optical 
imaging system that has an illumination system providing a beam of light, the 
illumination system having an f/# less than or equal to 2.5. A Cartesian polarizing 
beam-splitter has a first tilt axis and is oriented to receive the beam of light. The 
Cartesian polarizing beam splitter nominally polarizes the beam of light with respect to 
the Cartesian beam-splitter. A first polarized beam of light having a first polarization 
direction is folded by the Cartesian polarizing beam splitter and a second polarized 
beam of light having a second polarization direction is transmitted by the Cartesian 
polarizing beam splitter. This is shown in FIG. 1b, in which light from the light source 12 
passes to the PBS 30. The PBS folds, by reflecting, light in the first polarization state 
and transmits light in the second polarization state. 

A color separation and recombination prism 36 is optically aligned to receive one 
of the polarized beams of light. The prism has a second tilt axis, a plurality of color 
separating surfaces, and a plurality of exit surfaces. The second tilt axis is oriented 
perpendicularly to the first tilt axis of the Cartesian polarizing beam-splitter so that the 
polarized beam is nominally polarization rotated into the opposite polarization direction 
with respect to the color separating surfaces and a respective beam of colored light 
exits through each of the exit surfaces. In other words, if the PBS directs a beam of s- 
polarized light to the color prism, then that light is incident on the prism as p-polarized 
light because the tilt axis of the color prism is perpendicular to the tilt axis of the PBS. 

There is a plurality of polarization modulating imagers, for example imagers 40b, 
40g and 40r. Each imager is placed at one of the exit surfaces of the color separating 
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and recombining prism 36. Each imager receives one of the respective beams of 
colored light separated by the color separation and recombination prism. Each imager 
can separately modulate the polarization state of the respective incident beam of 
colored light. 

VI. ISSUES PRESENTED FOR REVIEW 

A. Whether claim 13 is rejected under 35 U.S.C. § 102(b) as being 
anticipated by Nagashima (JP 63039394). 

B. Whether claim 13 is rejected under 35 U.S.C. § 102(e) as being 
anticipated by Bryars (U.S. Patent No. 5,986,815) (Bryars '815). 

C. Whether claim 13 is rejected under 35 U.S.C. § 102(e) as being 
anticipated by Bryars et al. (U.S. Patent No. 6,144,498) (Bryars '498). 

D. Whether claim 13 is rejected under 35 U.S.C. § 102(e) as being 
anticipated by Kuijper (U.S. Patent No. 6,250,762 B1). 

E. . Whether claim 13 is anticipated under 35 U.S.C. § 102(e) by Knox (U.S. 
Patent No. 6,390,626 B2). 

F. Whether claims 1 , 2, 4-7 and 9-1 2 are rejected under 35 U.S.C. § 1 03(a) 
as being unpatentable over Nagashima in view of Duwaer et al. (U.S. Patent No. 
5,146,248) (Duwaer). 

G. Whether claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) 
as being unpatentable over Bryars '815 in view of Duwaer. 

H. Whether claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) 
as being unpatentable over Bryars '498 in view of Duwaer. 
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I. Whether claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) 
as being unpatentable over Kuijper in view of Duwaer. 

J. Whether claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) 
as being unpatentable over Knox in view of Duwaer. 



VII. GROUPING OF CLAIMS 

For consideration on this appeal, Appellant has grouped the Claims according to 
the grounds of rejection made in the final Office Action, as shown below: 

Issue A: Claim 13 only 
Issue B; Claim 13 only 

Issue C: Claim 13 only 

Issue D: Claim 13 only 

Issue E: Claim 13 only 

Issue F: Group 1 : 1,2,4-7 and 9-12 

Issue G: Group 1 : 1,2,4-7 and 9-12 

Issue H: Group 1: 1, 2, 4-7 and 9-12 

Issue I: Group 1: 1, 2, 4-7 and 9-12 



Issue J: Group 1 : 1,2,4-7 and 9-12 
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VIII. ARGUMENTS 

Issue A: 102 Rejection of claim 1 based on Nagashima 

Claim 13 is rejected under 35 U.S.C. §102 (b) as being anticipated by 
Nagashima (JP 63039394). Nagashima shows, in FIG. 1, a projection system having a 
polarizing beamsplitter (21) (PBS) that reflects light from a light source (23) towards a 
color prism assembly (11). FIG. 1 from Nagashima is shown below, along with FIG. 2b 
of the present application for comparison. 

To anticipate a claim, the reference must teach every element of the claim. "A 
claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described, in a single prior art reference." Verdegaal 
Bros, v. Union Oil Co. of California , 814 F.2d 628,631, 2 USPQ2d 1051 1053 (Fed. Cir.) 
1987). "The identical invention must be shown in as complete detail as is contained in 
the... claim." Richardson v. Suzuki Motor Co. . 868 F. 2d1226, 1236, 9 USPQ2d 1913, 
1920 (Fed. Cir. 1989). Therefore, if a reference does not teach every element of the 
claim, then the reference does not anticipate the claim (MPEP § 2131). 

Appellants' contend that Nagashima fails to teach all of the elements of claim 13 
on at least two grounds, viz. i) the orientation of the tilt axes and ii) the lack of teaching 
a Cartesian polarizing beamsplitter. These are addressed in turn. 

i) Orientation of the Tilt Axes 

It is important to determine the direction of the tilt axes of the PBS and the color 
prism assembly in Nagashima's system. In order to illustrate the argument, FIG. 1 from 
Nagashims is shown below, along with FIG. 2b of the present application for 
comparison. As is stated above in the description of the invention provided above, the 
tilt axis lies in the plane of a reflecting/transmitting surface, and represents that axis 
about which the reflecting/transmitting surface is rotated, or tilted, so that the 
reflecting/transmitting surface is not normal to the incident light. For the PBS, the tilt 
axis lies in the plane of the polarized reflector and points out of the plane of the figure. 
As a result, the light is reflected in a plane parallel to the plane of the figure. Likewise, 
for the color prism assembly, the tilt axes lie out of the plane of the figure, with the result 
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that the color prism assembly reflects the light in a plane parallel to the plane of the 
figure. Consequently, the tilt axis of the Nagashima's PBS is parallel to the tilt axes of 
the color prism. 
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Nagashima's system is different from the invention of claim 13, in which the tilt 
axes of the color prism and the PBS are perpendicular to one another. 

Another way of viewing this is to determine where the planes of incidence lie for 
the PBS and for the color prism assembly. As is stated in the description of the 
invention provided above, where the plane of incidence for the prism assembly is 
perpendicular to that for the PBS, then the tilt axes are perpendicular. On the other 
hand, where the planes of incidence are parallel, then the tilt axes are parallel. Light 
reflected by Nagashima's PBS remains in the plane of the figure, and so the plane of 
incidence for Nagashima's PBS lies parallel to the plane of the figure. Likewise, the 
light reflected by Nagashima's color prism assembly remains in the plane of the figure, 
and so the plane of incidence for Nagashima's color prism assembly lies parallel to the 
plane of the figure. Accordingly, the tilt axes of the Nagashima's PBS and color prism 
assembly are parallel and are not perpendicular. 

Thus, Nagashima fails to teach that the tilt axes of the PBS and color prism are 
perpendicular. 

ii) Lack of Teaching of a Cartesian Polarizing Beamsplitter 
Appellants also contend that Nagashima fails to teach the use of a Cartesian 
polarizing beamsplitter. As is stated above, a Cartesian polarizing beamsplitter is one in 
which the polarization of the separate beams is referenced to invariant, generally 
orthogonal, principal axes of the PBS, these axes being set by material properties of the 
PBS itself. For example, the principal axes of the PBS may be determined by the 
direction of wires in a wire grid polarizer or by the fast and slow axes of the birefringent 
layers in a multiplayer optical film polarizer. These principal axes arise due to the 
structure of the PBS, and are not defined simply by the function of the device. 

Applicants respectfully contend that the Examiner is obliged to use the definition 
for the term "Cartesian polarizing beamsplitter" (Cartesian PBS) provided in the 
Specification: it is well known that the Applicant may be his own lexicographer so long 
as the meaning assigned to the term is not repugnant to the term's well known usage, In 
re Hill 161 F.2d 367, 73 USPQ 482 (CCPA 1947) (cited in MPEP § 2111.02). 
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Appellants contend that the phrase "Cartesian PBS" is not repugnant to its well known 
usage, if there is, in fact, well known usage of the term. 

Accordingly, the term "Cartesian PBS" should be ascribed its meaning as 
presented in the Specification, i.e. it is a PBS in which the polarization of the beams is 
referenced to invariant principal axes of the PBS itself. Thus X-polarized light incident 
on the PBS is reflected as X-polarized light, irrespective of whether or not the 
polarization of the X-polarized light is perpendicular to the plane of incidence or not. 

This contrasts with the performance of a conventional PBS, commonly referred to 
as a MacNeille PBS. In the MacNeille PBS, the light is separated into different 
polarization states primarily based on the effect that the reflection for p-polarization is 
zero when incident at Brewster's angle. Therefore, in a MacNeille polarizer, the 
polarization state of the incident light is characterized in terms of how the incident light 
is polarized with respect to the plane of incidence. As an example, incidence at 
Brewster's angle on a conventional polarizer surface results in light being totally 
transmitted, without reflection, only if the polarization of the light is parallel to the plane 
of incidence (p-polarized). If the light is incident on the surface in a direction not 
completely parallel to the plane of incidence, then there exists a reflected component. A 
MacNeille PBS works by presenting many surfaces for reflection: the overall effect of 
the many surfaces is that the reflectivity is low for p-polarized light and high for s- 
polarized light. 

Thus, there is a significant difference between a Cartesian PBS and a MacNeille 
PBS. Nagashima fails to teach a Cartesian PBS. 

In the Final Office Action, it is stated that the Examiner disagrees [with the 
contention that Nagashima fails to teach a Cartesian PBS] and is of the opinion that the 
PBS taught by Nagashima ... is inherently a Cartesian PBS due to the fact that the PBS 
splits incident light into first and second substantially polarized beams, wherein the 
polarization states thereof are inherently referenced to some co-ordinate system. 
Appellants respectfully contend that this description of a Cartesian PBS is in error. A 
Cartesian PBS does not simply produce first and second light beams whose polarization 
states are inherently referenced to some co-ordinate system . When a Cartesian PBS is 
used, the polarization states of the first and second beams are referenced to the 
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principal material axes of the PBS itself, and not to some arbitrary co-ordinate system. 
Nagashima simply fails to teach that the polarization states of the first and second 
beams are referenced to the principal material axes of the PBS itself. Instead, 
Nagashima refers to s-polarization and p-polarization, where the polarization states are 
referred to the plane of incidence and not to the principal material axes of the PBS itself. 

Accordingly, Nagashima fails to disclose a Cartesian PBS. 

Therefore, since Nagashima fails to teach all the elements of the claim, claim 13 
is not anticipated by Nagashima. 

Issue B: 102 Rejection of claim 13 based on Bryars '815 

Claim 13 is rejected under 35 U.S.C. § 102(e) as being anticipated by Bryars 
(U.S. Patent No. 5,986,815) (Bryars '815). 

Bryars '815 teaches a projection system having a light source (10) that 
illuminates a PBS (20). The light reflected from the PBS is directed to a Philips type of 
prism assembly (30), formed by three prisms R, G, and B. Prism R has a reflecting 
surface (41b) and prism G has a reflecting surface (51b). The light red light entering the 
prism assembly from the PBS is reflected at surface (41b) and directed to the liquid 
crystal light valve (90). The remainder of the light, the green and blue portions, passes 
through surface (41b) to surface (51b), where the green light is reflected to the liquid 
crystal light valve (110) and the blue light is transmitted to the liquid crystal light valve 
(130). 

Appellants contend that Bryars ( 815 also fails to teach that the tilt axes of the 
PBS and the color prism assembly are perpendicular, and the use of a Cartesian PBS. 

i) Tilt Axes 

Examination of the projection system taught by Bryars '815 (particularly FIG. 1, 
shown below along with FIG. 2b of the present application for comparison, and the 
description thereof at col. 10 line 1 - col. 12, line 41) shows that the tilt axes of the 
Bryars '815 system are parallel. Light is reflected from the light source in the plane of 
the figure, and so the tilt axis of the PBS lies perpendicularly out of the plane of the 
figure. Light is reflected within the prism assembly, at surfaces 41b and 51b, also within 
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the plane of the figure. Therefore, the tilt axes of the prism assembly also lie 
perpendicularly out of the plane of the figure. Accordingly, the tilt axes of the PBS and 
the color prism assembly are parallel, and so Bryars '815 fails to disclose that the tilt 
axes of the color prism assembly and the PBS are perpendicular. 




FIG. 1 



FIG. 1 from Bryars '815 




FIG. 2b from the present application 
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ii) Cartesian PBS 

Like Nagashima, Bryars '815 fails to teach a PBS in which the polarization states 
of the first and second beams are referenced to principal material axes of the PBS itself. 
The Cartesian PBS has been described above with respect to the description fo the 
invention and Nagashima. 

Instead, Bryars teaches (col. 10, lines 35-43) that the PBS transmits one type of 
polarization (either s- or p-polarized light, for the purpose of the example the transmitted 
light is p-polarized light) while reflecting light of the other type of polarization. S- 
polarized light refers to light which has its polarization vector perpendicular to the plane 
of incidence; whereas p-polarized light refers to light which has its polarization vector 
lying in the plane of incidence. Thus, Bryars '815 teaches the use of a conventional, 
MacNeille PBS, and not a Cartesian PBS. 

Accordingly, Bryars '815 fails to teach all the elements of claim 13, and so claim 
13 is not anticipated by Bryars '815. 

Issue C: 102 Rejection of claim 13 based on Bryars '498 

Claim 13 is rejected under 35 U.S.C. § 102(e) as being anticipated by Bryars et 
al. (U.S. Patent No. 6,144,498) (Bryars '498). Bryars '498 teaches a projection system 
(100) having a light source (102) that illuminates a PBS (106). The light reflected from 
the PBS is directed to a Philips type of prism assembly (10), formed by three prisms R, 
G, and B. Prism R has a dichroic reflective coating on exit surface 22b and prism B has 
a dichroic reflective coating on exit surface 24b. The red light entering the prism 
assembly from the PBS is reflected at surface (22b) and directed to the red liquid crystal 
light valve (1 1 0). The remainder of the light, the green and blue portions, passes 
through surface (22b) to surface (24b), where the blue light is reflected to the blue liquid 
crystal light valve (111) and the green light is transmitted to the green liquid crystal light 
valve (114). 

Appellants contend that Bryars '498 also fails to teach that the tilt axes of the 
PBS and the color prism assembly are perpendicular, and fails to teach the use of a 
Cartesian PBS. 
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i) Tilt Axes 

Examination of the projection system taught by Bryars '498 (particularly FIG. 2, 
shown below along with FIG. 2b of the present application for comparison, and the 
description thereof at col. 4 line 59 - col. 6, line 8) shows that the tilt axes of the Bryars 
'498 system are parallel. Light is reflected from the light source in the plane of the 
figure, and so the tilt axis of the PBS lies perpendicularly out of the plane of the figure. 
Light is reflected within the prism assembly, at both surfaces 22b and 24b, also within 
the plane of the figure. Therefore, the tilt axes of the prism assembly also lie 
perpendicularly out of the plane of the figure. Since the tilt axes of the PBS and the 
color prism assembly lie out of the plane of the figure, the tilt axes are parallel and so 
Bryars '498 fails to disclose that the tilt axes of the color prism assembly and the PBS 
are perpendicular. 




•114 



FIG. 2 
(PRIOR ART) 

FIG. 2 from Bryars '498 
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56 . 



Figure 2b 




FIG. 2b from the present application 
ii) Cartesian PBS 

Like Nagashima, Bryars '498 fails to teach a PBS in which the polarization states 
of the first and second beams are referenced to principal material axes of the PBS itself. 
The Cartesian PBS has been described above with respect to the description of the 
invention and Nagashima. 

Instead, Bryars '498 is silent as to the workings of the PBS. However, Bryars 
'498 does not teach that the PBS is of a type known to be a Cartesian PBS, nor that the 
PBS has principal material axes that define the polarization states of the reflected and 
transmitted light. 

Accordingly, Bryars '498 fails to teach all the elements of claim 13, and so claim 
13 is not anticipated by Bryars '498. 

Issue D: 102 Rejection of claim 13 based on Kuijper 

Claim 13 is rejected under 35 U.S.C. § 102(e) as being anticipated by Kuijper 
(U.S. Patent No. 6,250,762 B1). Kuijper teaches (FIGs. 1 and 3, and col. 2, line 62 - 
col. 3, line 36) a projection system having a light source (5) that illuminates a PBS (9). 
Light reflected by the PBS is directed to a color-separating element (17), comprised of 
three prisms 19, 21 , and 23. Blue light is reflected at the first interface (25) between 
two of the prisms (1 9 and 23), and propagates to the light valve (1 5) for blue light. Red 
light is reflected at the second interface (27) between prisms (19 and 21) and 
propagates to the light valve (11) for red light. Green light passes through both 
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interfaces to the light valve (13) for green light. This arrangement of prisms is often 
referred to as a Philips prism. 

Appellants contend that Kuijper also fails to teach that the tilt axes of the PBS 
and the color prism assembly are perpendicular, and fails to teach the use of a 
Cartesian PBS. 










37 








FIG. 1 from Kuijpers 
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Figure 2b 32 




FIG. 2b from present application 



18 



3M Ref#49837US051 
Appeal Brief 



i) Tilt Axes 

Examination of the projection system taught by Kuijper (particularly FIG. 1, 
shown above along with FIG. 2b of the present application for comparison) shows that 
the tilt axes of Kuijper's system are parallel. Light is reflected from the light source in 
the plane of the figure and the tilt axis of the PBS lies perpendicularly out of the plane of 
the figure. Also, light is reflected within the prism assembly, at both interfaces (25 and 
27), within the plane of the figure. The tilt axes of the prism assembly, therefore, also lie 
perpendicularly out of the plane of the figure. Accordingly, since the tilt axes of the PBS 
and the color prism assembly both lie out of the plane of the figure, the tilt axes of the 
PBS and the color prism assembly are parallel. Consequently, Kuijper fails to disclose 
that the tilt axes of the color prism assembly and the PBS are perpendicular. 

ii) Cartesian PBS 

Like Nagashima, Kuijper fails to teach a PBS in which the polarization states of 
the first and second beams are referenced to principal material axes of the PBS itself. 
The Cartesian PBS has been described above with respect to the description of the 
invention and Nagashima. 

Instead, Kuijper is silent as to the workings of the PBS. However, Kuijper does 
not teach that the PBS is of a type known to be a Cartesian PBS, nor that the PBS has 
principal material axes that define the polarization states of the reflected and transmitted 
light. 

Accordingly, Kuijper fails to teach all the elements of claim 13, and so claim 13 is 
not anticipated by Kuijper. 

issue E: 102 Rejection of claim 13 based on Knox 

Claim 13 is anticipated under 35 U.S.C. § 102(e) by Knox (U.S. Patent No. 
6,390,626 B2). Knox teaches a projection system having a light source (210) that 
illuminates a PBS (220). Light reflected by the PBS is directed to various embodiments 
of color separating prism assemblies, including an x-cube beamsplitter/combiner (230) 
in FIGs. 11,12 and 12A, a Philips color prism (330), in FIGs. 13 and 17, a prism 
assembly (430) in FIG. 14, a prism (530) in FIG. 15, and a prism (630) in FIG. 16. FIGs. 
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13 and 14 are provided below, along with FIG. 2b from the present application for 
comparison. Each of the prism assemblies taught by Knox includes reflecting surfaces 
for separating and combining light of different colors. The light is directed from the 
prism assembly to two or three imagers, and is reflected to the prism assemblies where 
the light of different color is recombined. The recombined light then passes to the PBS 
and the image light that has been polarization rotated is passed to the projection lens 
(260). 
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FIGs. 13 and 14 from Knox 
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FIG. 2b from the present application. 

The tilt axes of the PBS, however, and the reflecting surfaces in each prism 
assembly are all parallel. In each case, the plane of reflection for the PBS lies in the 
plane of the figure: therefore the tilt axis of the PBS in each case lies out of the plane of 
the figure. Also, the plane of reflection for each of the prism assemblies lies in the plane 
of the figure, and so the tilt axes of the prism assemblies lie out of the plane of the 
figure. Since the tilt axes of the PBS and the prism assemblies all lie out of the plane of 
the figure, the tilt axes are parallel. Moreover, there is no teaching in Knox that the 
prism assemblies could be rotated from the orientations shown in the figures to 
positions in which the tilt axes of the PBS and prism assemblies are perpendicular. 

Therefore, Knox fails to teach that the tilt axes are perpendicular, and fails to 
teach all the elements of claim 13. Accordingly, claim 13 is not anticipated by Knox. 

Issue F: 103 Rejection of claims 1, 2, 4-7 and 9-12 based on Nagashima and 
Duwaer 

Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Nagashima in view of Duwaer et al. (U.S. Patent No. 5,146,248) 
(Duwaer). 

It is stated in the Final Office Action that Nagashima discloses all of the subject 
matter claimed, as described in the discussion of the rejection of claim 13, with the 
exception for explicitly stating that the illumination system has an f/# less than or equal 
to 2.5. It is further stated in the Office action that Duwaer teaches that it is well known 
to use an illumination system having an f/# less than or equal to 2.5 in the same field of 



21 



3M Ref #49837US051 
Appeal Brief 



endeavor for the purpose of producing a large cone of light, and that it would have been 
obvious at the time the invention was made to modify the illumination system of 
Nagashima to include an illumination system having a f/# less than or equal to 2.5 as 
taught by Duwaer, in order to increase the brightness efficiency without sacrificing 
contrast or desirable brightness versus contrast ratio. 

Duwaer discusses a light valve projection system based on the use of three 
separate light sources (30, 40 and 50) emitting light at different wavelengths (col. 6, line 
59 - col. 7, line 2). Respective reflectors (34, 44, and 54) collect the light emitted by the 
light sources and direct the light through respective transmissive light valves (36, 46 and 
56). The image light transmitted through the light valves is combined in a Philips color 
prism formed from three prisms (38, 48, 58), and is then projected using a projection 
lens (60). Duwaer indicates that the illumination system for this transmission-type 
imaging system may be as low as f/2.0 (col. 5, line 58 - col. 6, line 14) . 

Three criteria must be met to establish a prima facie case of obviousness. First, 
there must be some suggestion or motivation, either in the references themselves or in 
the knowledge generally available to one of ordinary skill in the art, to modify the 
reference. Second, there must be a reasonable expectation of success. Finally, the 
prior art reference, or combination of references, must teach or suggest all the claim 
limitations. MPEP § 2142. Appellants respectfully contend that the prior art fails to 
disclose all the claim limitations and there would be no motivation to combine the 
references as proposed by the Examiner. 

In claim 1 , like claim 13, the tilt axes of the PBS and color prism assembly are 
perpendicular. It was shown above that Nagashima fails to teach that the tilt axes of the 
PBS and the color prism assembly are perpendicular. Duwaer fails to correct this 
deficiency. In fact, Duwaer's system does not even include a PBS. Therefore, neither 
of the proposed references teach or suggest that the tilt axes of the PBS and the color 
prism assembly are perpendicular. 

The optical imaging system of claim 1, like claim 13, includes a Cartesian PBS. 
It was shown above that Nagashima fails to teach or suggest the use of a Cartesian 
PBS. Duwaer also fails to rectify this deficiency, since Duwaer's projection system 
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does not use a PBS. Therefore, neither of the proposed references teach or suggest a 
Cartesian PBS. 

Accordingly, the proposed combination of Nagashima and Duwaer fails to teach 
or suggest all the elements of claim 13. 

Furthermore, Appellants respectfully suggest that there would be no reasonable 
expectation of success to combine the references in the manner suggested in the Office 
Action. First, it is important to note that Duwaer teaches only the use of f/2.0 
illumination for a system that is based on transmissive imagers. Duwaer does not teach 
or suggest that illumination units with such a low f/# are suitable for use with reflective 
imagers : projection systems that use transmissive imagers typically do not use a PBS. 
Therefore, for one of ordinary skill in the art to have any reasonable expectation of 
success in combining Duwaer's light source with Nagashima's system, the one of 
ordinary skill would be required to know that a PBS capable of maintaining an 
acceptable level of contrast with such a low f/# was available. There is no teaching in 
Nagashima, however, that would lead of ordinary skill in the art to believe that image 
contrast would be maintained when using a light source with such a wide angle of 
illumination. 

The problems associated with using a conventional polarizer in a projection 
system having an f/# of 2.5 or less were known and are discussed at length in the 
parent application (U.S. 09/312,917), which is incorporated by reference in the present 
application. Appellants respectfully suggest that, since the solution to achieving a truly 
a wide angle polarizer was not known to one of ordinary skill, it would not be reasonable 
for one of ordinary skill to combine an illumination system, as taught by Duwaer, into 
Nagashima's system. 

Accordingly, two of the three criteria for a prima facie case for obviousness have 
not been met, viz. that all the claim elements be taught in the proposed combination of 
references and that one of ordinary skill would have a reasonable expectation of 
success in making the combination. Consequently, claim 1 is not unpatentable over the 
proposed combination of references, and so claim 1 is allowable. 
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While Appellants have selected claim 1 to represent Group 1 in this Issue, 
Appellants do not admit that claims 2, 4-7 and 9-12 are not separately patentable over 
the proposed combination of Nagashima and Duwaer. 

Issue G: 103 Rejection of claims 1, 2, 4-7 and 9-12 based on Bryars '815 and 
Duwaer 

Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Bryars '815 in view of Duwaer, both of which have been described 
above. It was shown above that Bryars '815 fails to teach that the tilt axes of the PBS 
and the color prism assembly are perpendicular. Duwaer fails to correct this deficiency: 
Duwaer's system does not include a PBS and Duwaer does not refer to the use of a 
PBS. Therefore, neither of the proposed references teach or suggest, either individually 
or in combination, that the tilt axes of the PBS and the color prism assembly are 
perpendicular. 

The optical imaging system of claim 1, like claim 13, includes a Cartesian PBS. 
It was shown above that Bryars '81 5 fails to teach or suggest the use of a Cartesian 
PBS. Duwaer also fails to rectify this deficiency, since Duwaer does not refer to a PBS. 
Therefore, neither of the proposed references, individually or in combination, teach or 
suggest a Cartesian PBS. Accordingly, the proposed combination of Bryars '815 and 
Duwaer fails to teach or suggest all the elements of claim 1 . 

Furthermore, Appellants respectfully suggest that there would be no reasonable 
expectation of success to combine the references in the manner suggested in the Office 
Action, for reasons similar to those described above with respect to the proposed 
combination of Nagashima and Duwaer. 

Two of the three requirements for a prima facie case of obviousness have not 
been met, viz. that all the claim elements be taught in the proposed combination of 
Bryars '815 and Duwaer, and that one of ordinary skill would have a reasonable 
expectation of success in making the combination. Consequently, claim 1 is not 
unpatentable over the proposed combination of Bryars '815 and Duwaer, and so claim 1 
is allowable. 
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While Appellants have selected claim 1 to represent Group 1 in this Issue, 
Appellants do not admit that claims 2, 4-7 and 9-12 are not separately patentable over 
the proposed combination of Bryars '815 and Duwaer. 

Issue H: 103 Rejection of claims 1, 2, 4-7 and 9-12 based on Bryars '498 and 
Duwaer 

Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Bryars '498 in view of Duwaer, both of which have been described 
above. It was shown above that Bryars '498 fails to teach that the tilt axes of the PBS 
and the color prism assembly are perpendicular. Duwaer fails to correct this deficiency: 
Duwaer's system does not include a PBS. Therefore, neither Bryars '498 nor Duwaer 
teach or suggest, either individually or in combination, that the tilt axes of the PBS and 
the color prism assembly are perpendicular. 

The optical imaging system of claim 1, like claim 13, includes a Cartesian PBS. 
It was shown above that Bryars '498 fails to teach or suggest the use of a Cartesian 
PBS. Duwaer also fails to rectify this deficiency, since Duwaer does not refer to a PBS. 
Therefore, neither of the proposed references, individually or in combination, teach or 
suggest a Cartesian PBS. Accordingly, the proposed combination of Bryars '498 and 
Duwaer fails to teach or suggest all the elements of claim 1 . 

Furthermore, Appellants respectfully suggest that there would be no reasonable 
expectation of success to combine the references in the manner suggested in the Office 
Action, for reasons similar to those described above with respect to the proposed 
combination of Nagashima and Duwaer. 

The prima facie case of obviousness has failed because the proposed 
combination of Bryars '498 and Duwaer fails to teach or suggest all the elements and 
because one of ordinary skill would have no reasonable expectation of success in 
making the combination. Consequently, claim 1 is not unpatentable over the proposed 
combination of Bryars '498 and Duwaer, and so claim 1 is allowable. 

While Appellants have selected claim 1 to represent Group 1 in this Issue, 
Appellants do not admit that claims 2, 4-7 and 9-12 are not separately patentable over 
the proposed combination of Bryars '498 and Duwaer. 
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Issue 1: 103 Rejection of claims 1, 2, 4-7 and 9-12 based on Kuijper and Duwaer 

Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kuijper in view of Duwaer, both of which have been described above. 
It was shown above that Kuijper fails to teach that the tilt axes of the PBS and the color 
prism assembly are perpendicular. Duwaer fails to correct this deficiency: Duwaer's 
system does not even include a PBS. Therefore, neither Kuijper nor Duwaer teach or 
suggest, either individually or in combination, that the tilt axes of the PBS and the color 
prism assembly are perpendicular. 

The optical imaging system of claim 1, like claim 13, includes a Cartesian PBS. 
It was shown above that Kuijper fails to teach or suggest the use of a Cartesian PBS. 
Duwaer also fails to rectify this deficiency, since Duwaer does not refer to a PBS. 
Therefore, neither of the proposed references, individually or in combination, teach or 
suggest a Cartesian PBS. Accordingly, the proposed combination of Kuijper and 
Duwaer fails to teach or suggest all the elements of claim 13. 

Furthermore, Appellants respectfully suggest that there would be no reasonable 
expectation of success to combine the references in the manner suggested in the Office 
Action, for reasons similar to those described above with respect to the proposed 
combination of Nagashima and Duwaer. 

The criteria for the prima facie case of obviousness have not been met. In 
particular, the proposed combination of refernefces fails to teach or suggest all the 
elements of claim 1 and one of ordinary skill would have no reasonable expectation of 
success in making the combination. Consequently, claim 1 is not unpatentable over the 
proposed combination of Kuijper and Duwaer, and so claim 1 is allowable. 

While Appellants have selected claim 1 to represent Group 1 in this Issue, 
Appellants do not admit that claims 2, 4-7 and 9-12 are not separately patentable over 
the proposed combination of Kuijper and Duwaer. 

Issue J: 103 Rejection of claims 1, 2, 4-7 and 9-12 based on Knox and Duwaer 

Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Knox in view of Duwaer, both of which have been described above. 
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It was shown above that Knox fails to teach that the tilt axes of the PBS and the color 
prism assembly are perpendicular. Duwaer fails to correct this deficiency: Duwaer's 
system does not include a PBS. Therefore, neither Knox nor Duwaer teach or suggest, 
either individually or in combination, that the tilt axes of the PBS and the color prism 
assembly are perpendicular. 

Furthermore, Appellants respectfully suggest that there would be no reasonable 
expectation of success to combine the references in the manner suggested in the Office 
Action, for reasons similar to those described above with respect to the proposed 
combination of Nagashima and Duwaer. 

The criteria for the prima facie case of obviousness have not been met. In 
particular, the proposed combination of references fails to teach or suggest all the 
elements of claim 1 and one of ordinary skill would have no reasonable expectation of 
success in making the combination. Consequently, claim 1 is not unpatentable over the 
proposed combination of Knox and Duwaer, and so claim 1 is allowable. 
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CONCLUSION 

Appellants respectfully submit that claim 13 is not anticipated by the cited art and 
that no prima facie showing of obviousness has been established with respect to claims 
1, 2, 4-7 and 9-12, the rejections of which are contested by Appellants. It is earnestly 
requested that the rejections be reversed, and that all of the pending claims 1 , 2, 4-7 
and 9-13 be allowed. 

If a telephone conference would be helpful in resolving any issues concerning 
this communication, please contact lain A. Mclntyre at 612-436 9610. 

Respectfully submitted, 
Customer No. 32692 
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APPENDIX 1 
THE CLAIMS ON APPEAL 



1. An optical imaging system comprising: 

a) an illumination system providing a beam of light, the illumination system 
having an f/# less than or equal to 2.5; 

b) a Cartesian polarizing beam-splitter having a first tilt axis, oriented to 
receive the beam of light, wherein the Cartesian polarizing beam splitter 
nominally polarizes the beam of light with respect to the Cartesian beam- 
splitter, wherein a first polarized beam of light having a first polarization 
direction is folded by the Cartesian polarizing beam splitter and a second 
polarized beam of light having a second polarization direction is 
transmitted by the Cartesian polarizing beam splitter; 

c) a color separation and recombination prism optically aligned to receive 
one of the polarized beams of light, said prism having a second tilt axis, a 
plurality of color separating surfaces, and a plurality of exit surfaces, 
wherein the second tilt axis is oriented perpendicularly to the first tilt axis 
of the Cartesian polarizing beam-splitter so that the polarized beam is 
nominally polarization rotated into the opposite polarization direction with 
respect to the color separating surfaces and a respective beam of colored 
light exits through each of the exit surfaces; and 

d) a plurality of polarization modulating imagers, each imager placed at one 
of the exit surface of the color separating and recombining prism to 
receive one of the respective beams of colored light, wherein each imager 
can separately modulate the polarization state of the beam of colored light 
incident on said imagers. 

2. The optical imaging system of claim 1 , wherein the first polarization 
direction is nominally s-polarization and the second polarization direction is 
nominally p-polarization. 
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4. The optical imaging system of claim 1 , wherein the illumination 
system provides a beam of substantially pre-polarized light. 

5. The optical imaging system of claim 1 , wherein the color separation 
and recombination prism includes at least three exit surfaces, and the plurality of 
imagers includes at least three imagers, wherein each of the colored light beams 
is a different color and each imager receives one of the different color light 
beams. 

6. The optical imaging system of claim 1 , wherein each imager 
reflects a polarization modulated image, wherein the images reflected by the 
imagers enter the color separation and recombination prism and the prism 
recombines the images into a single combined image, wherein the combined 
image is transmitted by the Cartesian polarizing beam splitter. 

7. The optical imaging system of claim 6, further comprising a 
projection lens assembly, wherein the combined image is projected by the lens 
assembly onto a surface for viewing. 

9. The optical imaging system of claim 1, wherein the optical system 
is a rear projection system. 

10. The optical imaging system of claim 1, wherein the color separation 
and recombination prism includes a Philips prism. 

1 1 . The optical imaging system of claim 1 , wherein the Cartesian 
polarizing beam splitter includes a multilayer optical film. 

12. The optical imaging system of claim 1 , wherein the polarization 
modulating imagers include a LCOS imager. 
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1 3. A projection system comprising: 

a) a Cartesian polarizing beam splitter, the Cartesian polarizing 
beam splitter defining a first tilt axis; 

b) a color separation prism assembly, the prism assembly having a 
second tilt axis; 

c) wherein the Cartesian polarizing beam splitter and the prism 
assembly are arranged such that the first and the second tilt axes are 
perpendicular to each other. 
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APPENDIX 2 

OFFICE ACTIONS AND AMENDMENTS/RESPONSES 



A. First Requirement to Elect Species, February 27, 2002 

B. Election of Species, March 27, 2002 

C. Restriction Requirement and Election of Species, June 18, 2002 

D. Response to Restriction Requirement, July 18, 2002 

E. First Office Action, October 24, 2002 

F. Response to First Office Action, January 24, 2003 

G. Final Office Action, May 9, 2003 

H. Response to Final Office Action, July 9, 2003 

I. Advisory Action, July 28, 2003 
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APPENDIX 3 
REFERENCES RELIED UPON BY THE EXAMINER 

A. JP Patent Publication 63039394 (Nagashima). 

B. U.S. Patent No. 5,986,81 5 (Bryars '815). 

C. U.S. Patent No. 6,144,498 (Bryars '498). 

D. U.S. Patent No. 6,250,762 B1 (Kuijper). 

E. U.S. Patent No. 6,390,626 B2 (Knox). 



3M Ref#49837US051 
Appeal Brief 



APPENDIX 2 

OFFICE ACTIONS AND AMENDMENTS/RESPONSES 

First Requirement to Elect Species, February 27, 2002 
Election of Species, March 27, 2002 

Restriction Requirement and Election of Species, June 18, 2002 

Response to Restriction Requirement, July 18, 2002 

First Office Action, October 24, 2002 

Response to First Office Action, January 24, 2003 

Final Office Action, May 9, 2003 

Response to Final Office Action, July 9, 2003 

Advisory Action, July 28, 2003 



rn 
o 

zaz 
o 
r~ 
o 

CD 

o 
m 



m 
ro 

CO 

o 
o 



CD 



<=3 



m 
o 
m 
-<: 
m 
o 



32 



3M Ref #49837US051 
Appeal Brief 



A. First Requirement to Elect Species, 
February 27, 2002 




United States Bvtent and ThADEMARK Office 



'$10. MUSI* 



UNITED STATES DEPARTMENT OF COMMERCE— ' 

United States Patent and Trademark OffikpJ 

Addr 98»: COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington, D.C. 20231 

www.uipto.gov 



APPLICATION NO. 



FILING DATE 



FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO 



09/746,933 



12/22/2000 



7590 



02/27/2002 



— p *°c?^ 

Office of Intellectual Property Counsel INNOVATIVE Prt^" . examiner 

3M Innovative Properties Company ^amo ~ 

PO Box 33427 J/|AR 4 200£ SHAFER, RICKY D 

St. Paul, MN 55133-3427 



3760 



ART UNIT 



PAPER NUMBER 



2872 

DATE MAILED: 02/27/2002 



Please find below and/or attached an Office communication concerning this application or proceeding. 



yen 



1 ' 2y? 



0l> 



PTO-90C (Rev. 07-01) 



r 



Office Action Summary 


Application No. 


Applicant(s) 
¥><L^-L-ZChJE /f T" A C 


Examntner / 


Group Art Unit . 

Z.51* 





. MONTH(S) FROM THE MAILING DATE 



- The MAILING DATE of this communication appears on the cover sheet beneath the correspondence address- 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ^! fcdAStM 
OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .1 36(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS 
from the mailing date of this communication. . 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely ~ 

- If NO period for reply is specified above, such period shall, by default, expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1 33) 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely, may reduce any earned patent 
term adjustment See 37 CFR 1.704(b). 

Status . . 

^ Responsive to communication® filed on II I 1 I U ^ 

□ This action is FINAL. 



□ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed in 
accordance with the practice under Ex parte Quayle, 1 935 CD. 1 1 ; 453 O.G. 21 3. 



Disposition of Claims 

Claim(s) 



Of the above claim(s)_ 

□ Claim(s) 

□ Claim(s) 

□ Claim(s) 

p^Claim(s) 



Application Papers 

□ The proposed drawing correction, filed on 

□ The drawing(s) filed on . 



- is/are pending in the application. 

- is/are withdrawn from consideration. 

- is/are allowed. 

- is/are rejected. 

is/are objected to. 

are subject to restriction or election 
requirement 



is □ approved □ disapproved. 



is/are objected to by the Examiner 



□ The specification is objected to by the Examiner. 

□ The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. § 119 (a)-(d) 

□ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 1 1 9 (aHd). 
□ All □ Some* □ None of the: 

□ Certified copies of the priority documents have been received. 

□ Certified copies of the priority documents have been received in Application No 

□ Copies of the certified copies of the priority documents have been received 

in this national stage application from the International Bureau (PCT Rule 17.2(a)) 
*Certified copies not received: 



Attachments) 

□ Information Disclosure Statement(s), PTO-1449, Paper No(s). 

□ Notice of Referenced) Cited, PTO-892 

□. Notice of Draftsperson's Patent Drawing Review, PTO-948 



□ Interview Summary, PTCM13 

□ Notice of Informal Patent Application, PTO-152 

□ Other 



Office Action Summary 



U.S. Patent and Trademark Office 
PTO-326 {Rev. 11/00) 



Part of Paper No I 

'U.S. GPO: 2000-472-999/43204 



* i 

Application/Control Number: 09/746,933 
Art Unit: 2872 




1. This application contains claims directed to the following patentably distinct species of the 
claimed invention: 

A) . The species depicted by Fig. la; and 

B) . The species depicted by Fig. lb. 

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species for 
prosecution on the merits to which the claims shall be restricted if no generic claim is finally held 
to be allowable. Currently, claim 19 is generic. ^ 

Applicant is advised that a reply to this requirement must include an identification of the 
species that is elected consonant with this requirement, and a listing of all c^atois readable thereon, 
including any claims subsequently added. An argument that a claim is allowable or that all claims 
are generic is considered nonresponsive unless accompanied by an election. 

Upon the allowance of a generic claim, applicant will be entitled to consideration of claims 
to additional species which are written in dependent form or otherwise include all the limitations 
of an allowed generic claim as provided by 37 CFR 1.141. If claims are added after the election, 
applicant must indicate which are readable upon the elected species. MPEP § 809.02(a). 

Should applicant traverse on the ground that the species are not patentably distinct, 
applicant should submit evidence or identify such evidence now of record showing the species to 
be obvious variants or clearly admit on the record that this is the case. In either instance, if the 
examiner finds one of the inventions unpatentable over the prior art, the evidence or admission 
may be used in a rejection under 35 U.S.C. 103(a) of the other invention. 



Application/Control Number: 09/746,933 Page 3 

Art Unit: 2872 

2. Applicant is advised that the reply to this requirement to be complete must include an 
election of the invention to be examined even though the requirement be traversed (37 
CFR 1.143). 

3. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 
inventorship must be amended in compliance with 37 CFR 1.48(b) if one or more of the currently 
named inventors is no longer an inventor of at least one claim remaining in the application. Any 
amendment of inventorship must be accompanied by a petition under 37 CFR 1.48(b) and by the 
fee required under 37 CFR 1. 17(1). 

4. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to R.D. Shafer whose telephone number is (703) 308-4813. 

RDS 

February 25, 2002 




Election of Species, March 27, 2002 



S/N 09/746,933 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Bruzzone et al. Examiner: Shafer, Ricky D. 

Serial No.: 09/746,933 Group Art Unit: 2872 

Filed: 12/22/00 Docket No.: 49837US051 

Title: REFLECTIVE LCD PROJECTION SYSTEM USING A WIDE-ANGLE 

POLARIZING BEAM SPLITTER 



I hereby certify that this paper is being transmitted by facsimile to the U.S. Patent 
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PRELIMINARY AMENDMENT AND 
RESPONSE TO SPECIES ELECTION REQUIREMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 



IN THE CLAIMS 



Kindly cancel claims 20 and 21 without prejudice or disclaimer. 
Kindly amend claims 1 9 and 24 to read as follows: 

19. (Amended) A projection engine for displaying an image, the 
projection engine comprising: 

a) a Cartesian polarizing beam-splitter having invariant, generally orthogonal 
principal axes including a first tilt axis; wherein the Cartesian polarizing 
beam splitter reflects a first polarization component beam of an incident 
beam of light and transmits a second polarization component beam, the 
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polarization of the separate component beams being referenced to the 
principal axes; and 

b) a color separating prism assembly, optically aligned to receive one of the 
polarization component beams, the prism assembly having a plurality of 
color separating surfaces having tilt axes, the tilt axes of the color 
separating surfaces being perpendicular to the first tilt axis of the 
Cartesian polarizing beam splitter. 

24. (Amended) The projection engine of claim 23, 

a) further comprising a projection lens assembly; 

b) wherein each imager is a polarization modulating reflective imager and 
the prism assembly is a color separating and recombining prism assembly; 

c) wherein the prism assembly receives the one polarization component 
beam and separates the polarization component beam into a plurality of color 
beams; 

d) wherein each color beam exits through a respective exit surface and a 
portion of the color beam is polarization modulated and reflected by the 
respective imager; and 

e) wherein the reflected portions of the color beams re-enter the 
prism assembly and are recombined into a single image beam, the image 
beam being directed by the Cartesian polarizing beam splitter to the 
projection lens assembly, wherein the projection lens assembly projects an 
image. 



REMARKS 

Claims 1-19 and 22-^ are pending in the application. Claims 19 and 24 
have been amended. Claim 19 has been rewritten to include features from claim 
21 . Claim 24 has been rewritten to correct grammatical and spelling errors. 
Claims 20 and 21 have been canceled without prejudice or disclaimer. 
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In response to the species election requirement dated February 27, 2001 , 
Applicants hereby elect species B, depicted inter alia by FIGs. 1b and 2b. All 
pending claims read on the elected species. 

Any questions regarding this communication should be directed to the 
undersigned attorney at 952-253-41 10. 

Respectfully submitted, 

Altera Law Group, LLC 
6500 City West Parkway, Suite 1 00 
Minneapolis, MN 55344 
(952)-253-4110 

Date: March 27, 2002 By: 

lain A. Mclntyre 
Reg. No. 40,337 
lAM/vlb 
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Appendix A 

Marked Up Copy of Amended Claims 

Kindly cancel claims 20 and 21 without prejudice or disclaimer. 
Kindly amend claims 19 and 24 as follows: 

19. (Amended) A projection engine for displaying an image, the 
projection engine comprising: 

a) a Cartesian polarizing beam-splitter having invariant, generally 
orthogonal principal axes including a first tilt axis; wherein the Cartesian 
polarizing beam splitter reflects a first polarization component beam of an 
incident beam of light and transmits a second polarization component beam, 
the polarization of the separate component beams being referenced to the 
principal axes; and 

b) a color separating prism assembly, optically aligned to receive one of 
the polarization component beams, the prism assembly having a plurality of 
color separating surfaces having tilt axes , the tilt axes of the color separating 
surfaces being perpendicular to the first tilt axis of the Cartesian polarizing 
beam splitter . 

24. (Amended) The projection engine of claim 23, 

a) further comprising a projection lens assembly; 

b) wherein each imager is a polarization modulating reflective imager and 
the prism assembly is a color separating and [recombinating] recombining 
prism assembly; 

c) wherein the prism assembly receives the one polarization component 
beam and separates the polarization component beam into a plurality of color 
beams; 

d) wherein each color beam exits through a respective exit surface and a 
portion of the color beam is polarization modulated and reflected by the 
respective imager; and 
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e) wherein the reflected portions of the color beams [reenters] re-enter 
the prism assembly and are recombined into a single image beam, the image 
beam being directed by the Cartesian polarizing beam splitter to the 
projection lens assembly, wherein the projection lens assembly projects an 
image. 
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Office Action Summary 



Application No. 


Appllcarrt(s) 


Examiner 


Group Art Unit 





- The MAILING DATE of this communication appears on the cover sheet beneath the correspondence address- 
Period tor Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 M QNTH($) FROM THE MAILING DATE 

OF THIS COMMUNICATION. 

- Extensions of lime may beavatable under the provisions of 37 CFR 1 .136(a). In no wont however, may a ropfry be timety filed after SIX (6) MONTHS 
from the mailing date of this comrnunicat?on, . 

. ti ttio period fpr reply specified above Is leas than thirty (30) days, a reply within the statutory minimum of thirty (30) days will bo considered timety. 

- rf NO period for reply is specified obovo, such period shall, by default, expire SIX (6) MONTHS from the mailing date of this communication. 
. Failure to repty within the set or extended period for repfy will, by statute, cause the application to become ABANDONED (36 US.C. § 1 33). 

- Any reply received by the Office later then three months after the mailing date of this communication, even If timely, may reduce any earned patent 
term adjustment See 37 CFR1.7O40D). 

Status 

Responsive to communication^) filed on 
□ This action is FINAL. 



n sine* this application is in condition for allowance except for formal matters, prosecution aft to the. merits la eloaod in 
• lea under Ex parte Quayfe, 1 935 CD. 
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D&poartlon of Claims 

^Claimfe), 
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□ Clalm(s) — 

v ..O*fclaim(s) 

^Claim(s) 



Application Papors 
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is/are rejected. 
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□ The drawing(s) fried on 

□ The specification is objected to by the Examiner 
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Priority under 36 U,S.C. § 110 (aM*) 

□ Acknowledgement Is made of a claim for foreign priority under 35 U.S.C. § 1 1 9 (aHd). 
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□ Certified copies of the priority documents have been received. 
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in this national stage application from the International Bureau (PCT Rule 17.2(a)) 
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Application/Control Number: 09/746,933 Page 2 

Art Unit: 2872 

1. Applicant's election of Species "B", depicted by Fig. lb, in Paper No. 12 is 
acknowledged. 

2. Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-12 and 25, drawn to an optical imaging system comprising an 
illumination system having a f7# less than or equal to 2.5, a Cartesian polarizing 
beam splitter, a color separation and recombination prism and a plurality of 
polarization modulating imagers, classified in class 359, subclass 256. 

II. Claim 14, drawn to a projection system comprising an illumination system having a 
£/# less than or equal to 2.5, a Cartesian polarizing beam splitter and a color 
separation prism assembly, classified in class 359, subclass 495. 

III. Claims 15 and 16, drawn to a projection system comprising a Cartesian polarizing 
beam splitter and a color separation prism assembly, wherein the projection system 
is a front or rear projection system, classified in class 359, subclass 495. 

IV. Claims 1 7, drawn to a projection system comprising a Cartesian polarizing beam 
splitter and a color separation prism assembly with particular color separation 
prism details, classified in class 359, subclass 495. 

V. Claim 18, drawn to a projection system comprising a Cartesian polarizing beam 
splitter and a color separation prism assembly with particular polarizing beam 
splitter details, classified in class 359, subclass 498. 
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Application/Control Number: 09/746,933 Page 3 

Art Unit: 2872 

VI. Claim 22, drawn to a projection system comprising an illumination system having a 
{/# less than or equal to 2.5, a Cartesian polarizing beam splitter and a color 
separation prism assembly having a plurality of color separating surfaces with tilt 
axes, classified in class 359, subclass 495. 

VII. Claims 23 and 24, drawn to a projection system comprising a Cartesian polarizing 
beam splitter, a color separation prism assembly having a plurality of color 
separating surfaces with tilt axes, and a. plurality of polarization modulating 
reflective imagers, classified in class 359, subclass 247. 

3. Claim 13 link(s) inventions I- VII. The restriction requirement between the linked 
inventions is subject to the nonallowance of the linking claim(s), claim 13. Upon the allowance of 
the unking claim(s), the restriction requirement as to the linked inventions shall be withdrawn and 
any claim(s) depend ing from or otherwise including all the limitations of the allowable linking 
claim(s) wiJJ be entitled to examination in the instant application. Applicants) are advised that if 
any such claim(s) depending from or including all the limitations of the allowable linking claim(s) 
is/are presen ted in a continuation or divisional application, the claims of the continuation or 
divisional application may be subject to provisional statutory and/or nonstatutory double patenting 
rejections over the claims of the instant application. Where a restriction requirement is 
withdrawn, the provisions of 35 U.S.C. 121 are no longer applicable. See In re Ziegfer, 44 F.2d 
12H, 1215, 170 USPQ 129, 131-32 (CCPA 1971). See also MPEP § 804.01. 
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4. Claim 1.9 Iink(s) inventions VI and VII. The restriction requirement between the linked 
inventions is subject to the nonallowance of the linking claim(s), claim 19. Upon the allowance of 
the linking claim(sX the restriction requirement as to the linked inventions shall be withdrawn and 
any claim(s) depending from or otherwise including ail the limitations of the allowable linking 
claim(s) will be entitled to examination in the instant application. Applicant(s) are advised that if 
any such claim(s) depending from or including all the limitations of the allowable linking claim(s) 
is/are presented in a continuation or divisional application, the claims of the continuation or 
divisional application may be subject to provisional statutory and/or nonstatutory double patenting 
rejections over the claims of the instant application . Where a restriction requirement is 
withdrawn, the provisions of 35 U.S.C. 121 are no longer applicable. See In re Zieg/er, 44 F.2d 
1211, 1215, 170 USPQ 129, 131-32 (CCPA 1971). See also MPEP § 804.01. 

5. The inventions are distinct, each from the other because of the following reasons: 
Inventions I and II are related as combination and subcombination. Inventions in this 

relationship are distinct if it can be shown that (1) the combination as claimed does not require the 
particulars of the subcombination as claimed for patentability, and (2) that the subcombinati on has 
utility by itself or in other combinations (MPEP § 806.05(c)). In the instant case, the combination 
as claimed does not require the particulars of the subcombination as claimed because of the 
evidence of claims 23 and/or 24. The subcombination has separate utility such as a projecti on 
system, without a plurality of imagers or recombination prism. 
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Page 5 

Inventions I and [01- V] are related as combination and subcombination. Inventions in this 
relationship are distinct if it can be shown that (1) the combination as claimed does not require the 
particulars of the subcombination as claimed for patentabiJity, and (2) that, the subcombination has 
utility by itself or in other combinations (MPEP § 806.05(c)). In the instant case, the combination 
as claimed does not require the particulars of the subcombination as claimed because of the 
evidence of claims 1-7,12 and 25. The subcombination has separate utility such as a projection 
system without a plurality of imagers or recombination prism. 

Inventions I and [VI, VII] are related as combination and subcombination Inventions in 
this relationship are distinct if it can be shown that (1) the combination as claimed does not 
require the particulars of the subcombination as claimed for patentability, and (2) that the 
subcombination has utility by itself or in other combinations (MPEP § 806.05(c)). In the instant 
case, the combination as claimed does not require the particulars of the subcombination as 
claimed because of the omission of the details that the color separation prism assembly includes a 
plurality of color separating surfaces having tilt axes, wherein the tilt axes of the color separating 
surfaces are perpendicular to the first axes of the beam splitter. The subcombination has separate 
utility such as a projection system without a plurality of imagers or recombination prism (see 
claim 22) or a plurality of polarization modulating imagers or a recombination prism (see claim 
23) or a plurality of polarization modulating reflective imagers (see claim 24). 

Inventions I and VII are related as combination and subcombination. Inventions in this 
relationship are distinct if it can be shown that (1) the combination as claimed does not require the 
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particulars of the subcombination as claimed for patentability, and (2) that the subcombination has 
utility by itself or in other combinations (MPEP § 806.05(c)). In the instant case, the combination 
as claimed does not require the particulars of the subcombination as claimed because of the 
omission of the details that the color separation prism assembly includes a plurality of color 
separating surfaces having tilt axes, wherein the tilt axes of the color separating surfaces are 
perpendicular to the first axes of the beam splitter or by the evidence of claims 14 and 22. The 
subcombination has separate utility such as a projection system without a plurality of polarization 
modulating imagers or a recombination prism (see claim 23), a plurality of polarization 
modulating reflective imagers (see claim 24) or without an illumination system having a f/# less 
than or equal to 2.5. 

Inventions II, VI and VII are related as subcombinations disclosed as usable together in a 
single combination, The subcombinations are distinct from each other if they are shown to be 
separately usable. In the instant case, each of the inventions II, VI and VII has separate utility 
such as a projecti on system with the separate details of the other inventi ons. For example, the 
projection system of inventions I and VI has separate utility as a projection system without a 
plurality of imagers of invention VII, and the projection system of invention VII has separate 
utility as a projection system without an illumination system having a £/# less than or equal to 2,5 
of inventions II or VI. See MPEP § 806.05(d). 

Inventions III, IV and V are related as subcombinations disclosed as usable together in a 
single combination. The subcombinations are distinct from each other if they are shown to be 
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separately usable. In the instant case, each of the inventions III, IV and V ha s separate utili ty 
such as a projection system with the separate details of the other inventions. For example, the 
projection system of inventions HI. has separate utility as a projection system without the 
particular color separation prism details of invention IV or particular polarizing beam splitter 
details of Invention V, the projection system of invention IV has separate utility as a projection 
system without the particular polarizing beam splitter detail s of Invention V or projection details 
of invention III and the projection system of invention V has separate utility as a projection 
system without the particular color separation prism details of invention IV or projection details 
of invention III. See MPEP § 806.05(d). 

6. Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art as shown by their different classification, or recognized divergent subject 
matter, or the search required for one of the inventions is not coextensive with the search for any 
of the remaining inventions (as stated below) restriction for examinati on purposes as indi cated is 
proper. 

Invention II. would further require a search in class 348, subclass 745 which would not be 
required for inventions IH-V and VII. 

Invention III would further require a search in class 353, subclass 20 and class 348, 
subclass 744 which would not be required for inventions II and IV- VII. 

Invention IV would further require a search in class 359, subclass 83 1 which would not be 
required for inventions II, III., V, VI and VII. 
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Invention VI would further require a search in class 359, subclass 638 which would not be 
required for inventions II-V and VJI Note : If application elects the invention VI, the examiner 
will examine invention II (claim 14) along therewith. 

7. This application contains claims directed to the following patentably distinct species of the 
claimed invention: 

A) . The optical system being (1) a front projection system or (2) a rear projection system; 

B) .The first polarization direction being (1) a s-polarization direction or (2) a p- 
polarization direction; and 

C) . The beam splitter being a ( 1 ) 3M. ABF multilayer film or (2) a wire grid 
Applicant is required under 35 US C 121. to elect a single disclosed species for 

prosecution on the merits to which the claims shall be restricted if no generic claim is finally held 
to be allowable. Currently, at least claim 13 is generic. 

Applicant is advised that a reply to this requirement must include an id entification of the 
species that is elected consonant with this requirement, and a listing of all claims readable thereon, 
including any claims subsequently added. An argument that a claim is allowable or that all claims 
are generic is considered nonresponsive unless accompanied by an election. 

Upon the allowance of a generic claim, applicant will be entitled to consideration of claims 
to additional species which are written in dependent form or otherwise include all the limitations 
of an allowed generic claim as provided by 37 CFR 1.141. If cl aims are added after the election, 
applicant must indicate which are readable upon the elected species. MPEP § 809.02(a). 
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Should applicant traverse on the ground that, the species are not patentably distinct, 
applicant should submit evidence or identify such evidence now of record showing the species to 



be obvious variants or clearly admit on the record that this is the case. In either instance, if the 
examiner finds one of the inventions unpatentable over the prior art, the evidence or admi ssion 
may be used in a rejection under 35 U.S.C. 1 03(a) of the other invention. 

8. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the 
inventorship must be amended in compliance with 37 CFR 1.48(b) if one or more of the currently 
named inventors is no longer an inventor of at least one claim remaining in the application. Any 
amendment of inventorship must be accompanied by a petition under 37 CFR 1 .48(b) and by the 
fee required under 37 CFR 1.1 7(1). 

9. Applicant is advised that the reply to this requirement to be complete must include an 
election of the invention to be examined even though the requirement be traversed (37 
CFR 1.143). 

10. Any inquiry concerning this communication should be directed to R.D. Shafer at 
telephone number (703) 308-481 3. 



RDS 



June 16, 2002 
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July 18, 2002 
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Applicant: 
Serial No.: 
Filed: 
Title: 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Aastuen, et al Examiner: Shafer 

09/746933 Group Art Unit: 2872 

12/22/00 Docket No.: 810.527USI1 

REFLECTIVE LCD PROJECTION SYSTEM USING A WIDE-ANGLE 
POLARIZING BEAM SPLITTER 



CERTIFICATE OF MAILING UNDER 37 C.F.R. S1.8 

I hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient 
postage as first class mail in an envelope addressed to: Assistant Commissioner for Patents, Washington. DC 20231 
on July 18, 2002. 



lain A. Mclntyre 



Name 



Signature 




RESPONSE TO RESTRICTION REQUIREMENT 




Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 



In response to the restriction requirement dated June 18, 2002, Applicants 
hereby elect Group I, claims 1-12 and 25 with traverse. 

It is stated in the Restriction Requirement that claims 13 and 19 are considered 
to be linking claims and neither claim is subject to the restriction. Accordingly claims 13 
and 19 are still under consideration in the present case. 

The Examiner also required the Applicants to elect species. Applicants 
respectfully assert that the species election is improper. Claims to be restricted to 
different species must be mutually exclusive (MPEP § 806.04(f)), and the Restriction 
Requirement states that a single disclosed species be selected for prosecution on the 
merits. 

However, there are three different species choices listed in the Restriction 
Requirement, namely A) the optical system being either a front projection or rear 
projection system; B) the first polarization direction being either s-polarized or p- 
polarized and C) the beamsplitter being a multilayer film beamsplitter or a wire grid 
beamsplitter. The choices in each of A)-C) are internally mutually exclusive, for example 
the optical system may be either a front or a rear projection system, but not both. Thus, 



each of the choices A)-C) provides a set of mutually exclusive options. However, the 
choice among A, B and C is not mutually exclusive. For example, if the system is a rear 
projection system, it does not matter whether the first polarization is s-polarization or p- 
polarization, and it does not matter whether the polarizer is a multilayer polarizer or a 
wire grid polarizer. Therefore, Applicants cannot respond with one single species 
elected for prosecution on the merits, but with three different, independent species. 

Accordingly, Applicants understand that the Examiner has provided Applicants 
with three different species selections to be made, A)-C). Applicants respectfully elect, 
with traverse, A) the optical system being a rear projection system, B) the first 
polarization direction being s-polarization and C) the beamsplitter being multilayer film 
beamsplitter. 

The Restriction Requirement indicates that only claim 13 is considered to be 
generic. Applicants respectfully assert that claim 19, stated in the Restriction 
Requirement to be a linking claim, is also generic: claim 19 does not limit the system to 
either a front- or rear-projector, does not limit the polarization of the first polarization 
component and does not limit the type of Cartesian beamsplitter. 

The elected species read on linking claims 13, and 19 and claims 1 , 2, 4-7, and 

9-12. 

Any questions regarding this communication should be directed to the 
undersigned attorney at 952-253-41 10. 



Respectfully submitted, 



Altera Law Group, LLC 

6500 City West Parkway - Suite 100 

Minneapolis, MN 55344-7701 

(952)-253-4100 



Date: July 18.2002 , 



By: 
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— 7?7e MAILING DATE of this communication appears on the cover sheet beneath the correspondence address— 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE S MONTH(S) FROM THE MAILING DATE 

OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .1 36(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS 
from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thin^tSO) days will be considered timely. 

- If NO period for reply is specified above, such period shall, by default, expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § \ 33). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely, may reduce any earned patent 
term adjustment See 37 CFR 1 .704(b). 

Status 

0 Responsive to communication(s) filed on 

□ This action is FINAL. ~* ; 

□ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed in 
accordance with the practice under Ex parte Quayle, 1 935 CD. 1 1 ; 453 O.G. 21 3. 
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are subject to restriction or election 
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is □ approved □ disapproved. 



is/are objected to by the Examiner 



13 The specification is objected to by the Examiner. 
B v The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 (a)~(d) 

□ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 1 1 9 (aHcO- 
□ All □ Some* □ None of the: 

□ Certified copies of the priority documents have been received. 

□ Certified copies of the priority documents have been received in Application No 

□ Copies of the certified copies of the priority documents have been received 

in this national stage application from the International Bureau (PCT Rule 17.2(a)) 
•Certified copies not received: ___ 
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A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use 
or on sale in this country, more than one year prior to the date of application for patent in the United States. 

(e) the invention was described in a patent granted on an application for patent by another filed in the United 
States before the invention thereof by the applicant for patent, or on an international application by another who 
has fulfilled the requirements of paragraphs ( 1 ), (2), and (4) of section 37 1 © of this title before the invention 
thereof by the applicant for patent. 

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act of 1999 
(AIPA) do not apply to the examination of this application as the application being examined was 
not (1) filed on or after November 29, 2000, or (2) voluntarily published under 35 U.S.C. 122(b). 
Therefore, this application is examined under 35 U.S.C. 102(e) prior to the amendment by the 
AIPA (pre- AIPA 35 U.S.C. 102(e)). 

5. Claim 13 is rejected under 35 U.S.C. 102(b) as being anticipated by Gagnon et al (*028). 
Gagnon et al discloses a projection system comprising a polarizing beam splitter [(22) or 

(24)] and a color separation prism [(24), (28) or (32)], wherein the axes of the polarizing beam 
splitter and the color separation prism are perpendicular. Note the single drawing figure. 

6. Claim 13 is rejected under 35 U.S.C. 102(b) as being anticipated by Nagashima ('294). 
Nagashima discloses a projection system comprising an illumination system (22,23), a 

polarizing beam splitter (21), a color separation and recombination prism (1 1), a plurality of 
polarization modulating imagers (12,13,14) and a projection lens (24), wherein the axes of the 
polarizing beam splitter and the color separation prism are perpendicular. Note fig. 1 . 

7. Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Bryars ( £ 815). 
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Bryars discloses a projection system comprising an illumination system (10), a polarizing 
beam splitter (20), a color separation and recombination prism (30), a plurality of polarization 
modulating imagers (90,1 10, 130) and a projection lens (140), wherein the axes of the polarizing 
beam splitter and the color separation prism are perpendicular. Note figures 1, 6 and 17 and the 
associated description thereof 

8. Claim 13 is rejected under 35 U.S.C 102(e) as being anticipated by Bryars et al ('498). 
Bryars et al discloses a projection system comprising an illumination system (102,105), a 

polarizing beam splitter (106), a color separation and recombination prism (10), a plurality of 
polarization modulating imagers (1 10,1 12,1 14) and a projection lens (118), wherein the axes of 
the polarizing beam splitter and the color separation prism are perpendicular. Note figures 2 and 
4-6 and the associated description thereof 

9. Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Kuijper ('762). 
Kuijper discloses a projection system comprising an illumination system (5), a pre- 

polarizing light (7), a polarizing beam splitter (9), a color separation and recombination prism 
(17), a plurality of polarization modulating imagers (1 1,13,15) and a projection lens (29), wherein 
the axes of the polarizing beam splitter and the color separation prism are perpendicular. Note 
figures 1 and 3 and the associated description thereof. 

10. Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Knox ('626). 
Knox discloses a projection system comprising an illumination system (210,270), a 

polarizing beam splitter (220), a color separation and recombination prism (330), a plurality of 
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polarization modulating imagers (341,342,343) and a projection lens (260), wherein the axes of 
the polarizing beam splitter and the color separation prism are perpendicular. Note figures 13 and 
17 and the associated description thereof. 

1 1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

12. Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nagashima ('294) in view of Duwaer et al ('248). 

Nagashima discloses all of the subject matter claimed, note the above explanation, except 
for explicitly stating that the illumination system has a f/# less than or equal to 2.5. 

Duwaer et al teaches it is well known to use an illumination system having a f7# less than 
or equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 

Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
the art at the time the invention was made to modify the illumination system of Nagashima to 
include a typical illumination system having a f7# less than or equal to 2.5, as taught by Duwaer et 
al in order to increase the brightness efficiency without sacrificing contrast or desirable brightness 
versus contrast ratio. 
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As to the limitations of claim 4, it is well known to employ a prepolarizer or clean-up 
polarizer before a polarizing beam splitter in the same field of endeavor for the purpose of 
enhancing the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the illumination system of 
Nagashima to include a prepolarizer or clean-up polarizer before the polarizing beam splitter as is 
commonly used and employed in the art in order to enhance the contrast ratio. 

As to the limitations of claim 1 1, it is well known to employ APF multilayer polarizing 
beam splitters in the same field of endeavor for the purpose of enhancing the acceptance angle 
and/or the contrast ratio. Therefore, it would have been obvious and/or within the level of one of 
ordinary skill in the art at the time the invention was made to modify the polarizing beam splitter 
of Nagashima to include a APF multilayer polarizing beam splitter as is commonly used and 
employed in the art in order to enhance the acceptance angle and/or the contrast ratio. 

As to the limitations of claim 12, it is well known to employ LCOS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the imagers of Nagashima 
to include a LCOS imagers as is commonly used and employed in the art in order to reduce 
unwanted depolarization of light which thereby enhances the contrast ratio. 
13. Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bryars ('815) or Bryars et al ('498) in view of Duwaer et al ('248). 
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Bryars and Bryars et al each disclose all of the subject matter claimed, note the above 
explanation, except for explicitly stating that the illumination system has a fl# less than or equal to 

2.5. 

Duwaer et al teaches it is well known to use an illumination system having a f7# less than 
or equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 

Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
the art at the time the invention was made to modify the illumination system of Bryars or Bryars 
et al to include a typical illumination system having a fl# less than or equal to 2.5, as taught by 
Duwaer et al in order to increase the brightness efficiency without sacrificing contrast or 
desirable brightness versus contrast ratio. 

As to the limitations of claim 4, it is well known to employ a prepolarizer or clean-up 
polarizer before a polarizing beam splitter in the same field of endeavor for the purpose of 
enhancing the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the illumination system of 
Bryars or Bryars et al to include a prepolarizer or clean-up polarizer before the polarizing beam 
splitter as is commonly used and employed in the art in order to enhance the contrast ratio. 

As to the limitations of claim 1 1, it is well known to employ APF multilayer polarizing 
beam splitters in the same field of endeavor for the purpose of enhancing the acceptance angle 
and/or the contrast ratio. Therefore, it would have been obvious and/or within the level of one of 
ordinary skill in the art at the time the invention was made to modify the polarizing beam splitter 
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of Bryars or Bryars et al to include a APF multilayer polarizing beam splitter as is commonly used 
and employed in the art in order to enhance the acceptance angle and/or the contrast ratio. 

As to the limitations of claim 12, it is well known to employ LCOS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the imagers of Bryars or 
Bryars et al to include a LCOS imagers as is commonly used and employed in the art in order to 
reduce unwanted depolarization of light which thereby enhances the contrast ratio. 
14. Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S. C. 103(a) as being unpatentable over 
Kuijper ('762) in view of Duwaer et al ('248). 

Kuijper discloses all of the subject matter claimed, note the above explanation, except for 
explicitly stating that the illumination system has a f/# less than or equal to 2.5. 

Duwaer teaches it is well known to use an illumination system having a ff# less than or 
equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 

Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
the art at the time the invention was made to modify the illumination system of Kuijper to include 
a typical illumination system having a f/# less than or equal to 2.5, as taught by Duwaer et al in 
order to increase the brightness efficiency without sacrificing contrast or desirable brightness 
versus contrast ratio. 
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As ,o the limitations of data, U, i. is we., known .0 employ APF multilayer po.arizing 
beam splitters in the same field of endeavor for the purpose of enhancing the acceptance angle 
and/or the contrast ratio. Therefore, it would have been obvious and/or within the ,eve. of one of 
ordinary skill in the art a, the time the invention was made to modify the polarizing beam splitter 
of Kuijper to include a APF multilayer polarizing beam splitter as is commonly used and employed 
in the art in order to enhance the acceptance angle and/or the contrast ratio. 

As to the limitations of Cairn 12, it is well known to emp.oy LCDS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio Therefore, it would have been obvious and/or within the level of one 
of ordinal skill in the art at the time the invention was made to modify the imagers of Kuijper to 
include a LCDS imagers as is commonly used and employed in the art in order to reduce 
unwanted depolarization of light which thereby enhances the contrast ratio. 
,5. Claims 1,2, 4-7 and 9-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over 

Knox ('626) in view of Duwaer et al ('248). 

Knox discloses all of the subject matter claimed, note the above explanation, except for 
exphcitly stating that the illumination system has a W less than or equal to 2.5. 

Duwaer teaches it is well known to use an illumination system having a W less than or 
equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 

Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
t he art a. the time the invention was made to modify the illumination system of Knox to include a 
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typical illumination system having a 0# k* than or equal to 2.5, as taught by Duwaer et a] in 
order to increase the brightness effkiencyjwithout sacrificing Contrast or desirable brightness 

versus contrast ratio. ! 

i • 

As to the limitations of claim 4, it is well known to employ a prepolarizer or clean-up 
polarizer before a polarizing beam splitterj in the same field of endeavor for the purpose of 
enhancing the contrast ratio. Therefore, it! would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the illumination system of 
Knox to include a prepolarizer or clean-ujj polarizer before the polarizing beam splitter as is 
commonly used and employed in the art ill order to enhance the contrast ratio. 

As to the limitations of claim 12, It i s well known to employ LCOS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio. Therefore, it jwould have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the imagers of Knox as is 
commonly used and employed in the art |v order to reduce unwanted depolarization of light which 
thereby enhances the contrast ratio . ! 

16. The disclosure is objected to becjuse of the following informalities: on page 1 of the 
specification, applicants erroneously identified the filing date of Application Serial No. 09/3 12,917 
as May 15, 1999 and the filing date of Phonal Application No. 60/178,973 as January 26, 
2000. The correct filing date of Application Serial No. 09/31 2,917 is -May 17, 1999- and the 
correct filing date of Provisional Application No. 60/178,973 is --January 25, 2000-. 
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Appropriate correction is required. 

17. The oath or declaration filed on 4/27/01 is defective. A new oath or declaration in 
compliance with 37 CFR 1 .67(a) identifying this application by application number and filing date 
is required. See MPEP §§ 602.01 and 602.02. 

The oath or declaration is defective because applicants erroneously identified the filing 
date of Application Serial No. 09/312,917 as "May 15, 1999" and the filing date of Provisional 
Application No. 60/178,973 as "January 26, 2000". The correct filing date of Application Serial 
No. 09/3 12,917 is —May 17, 1999— and the correct filing date of Provisional Application No. 
60/178,973 is -January 25, 2000--. 

1 8. Any inquiry concerning this communication should be directed to R.D. Shafer at telephone 
number (703) 308- 4813. 



RDS 




October 18, 2002 



F. Response to First Office Action, 
January 24, 2002 



Serial No. 09/746933 PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: BRUZZONE et al. Examiner: Ricky D. Shafer 

Serial No.: 09/746933 Group Art Unit: 2872 

Filed: December 22, 2000 Docket No.: 49837US051 

Title: REFLECTIVE LCD PROJECTION SYSTEM USING A WIDE-ANGLE 

POLARIZING BEAM SPLITTER 



CERTIFICATE UNDER 37 C.F.R. 1.8: The undersigned hereby certifies that this Transmittal Letter and the 
paper, as described herein, are being deposited in the United States Postal Service, as first class mail, with 
sufficient postage, in an envelope addressed to: Assistant Commissioner for Patents, Washington, D.C. 
20231 on January 24, 2003. 



lain A. Mclntvre 



Name : Signature 




AMENDMENT AND RESPONSE UNDER 37 C.F.R. §1,111 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 



This paper is submitted in response to the Office Action dated October 24, 2002, 
setting a 3 month shortened statutory period for response. 

IN THE SPECIFICATION 

A marked up copy of the changes to the Specification is provided in Appendix B 

below. 

Kindly change the first paragraph, page 2 to read as follows: 

The present application is a continuation-in-part of commonly-assigned U. S. 
Patent Application Serial No. 09/312,917, "Reflective LCD Projection System Using 
Wide-Angle Cartesian Polarizing Beam Splitter", filed on May 17, 1999, which is hereby 
incorporated by reference. The present application also claims priority from commonly 
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assigned U.S. Provisional Application No. 60/178,973 entitled "Reflective LCD Projection 
System Using Wide-Angle Cartesian Polarizing Beam Splitter and Color Separation and 
Recombination Prisms", filed January 25, 2000, which is hereby incorporated by 
reference. 

IN THE CLAIMS 

A clean copy of the amended and new claims is included below. A marked up 
copy of the entire set of claims is included in Appendix A. 

Kindly amend the claims as follows: 

6. (once amended) The optical imaging system of claim 1, wherein each imager 
reflects a polarization modulated image, wherein the images reflected by the imagers 
enter the color separation and recombination prism and the prism recombines the 
images into a single combined image, wherein the combined image is transmitted by the 
Cartesian polarizing beam splitter. 

1 1 . (once amended) The optical imaging system of claim 1 , wherein the 
Cartesian polarizing beam splitter includes a multilayer optical film. 

18. (once amended) The projection system of claim 13, wherein the Cartesian 
polarizing beam splitter includes a multilayer optical film. 

Kindly add the following new claim: 

26. (new) The projection system of claim 13, wherein the Cartesian polarizing 
beamsplitter is disposed so that illumination light reaching the color separation prism 
assembly via the Cartesian polarizing beamsplitter is in substantially the same 
polarization state across all color bands. 
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REMARKS 

Claims 1-19 and 22-25 are pending in the patent application. Claims 3, 8, 14-19 
and 22-25 have been withdrawn from consideration. Claims 6, 1 1 and 18 have been 
amended. The amendments to claims 11 and 18 have broadened these claims to cover 
Cartesian polarizing beam splitters that include a multilayer optical film. New claim 26 
has been added. No new matter has been introduced. 

The Examiner required a supplementary declaration or oath because the originally 
submitted declaration listed the wrong filing dates of the priority application. The 
Examiner also required that the reference to the priority applications in the Specification 
be changed to show the correct filing dates. The Specification has been amended as 
required. A copy of the supplemental declaration, listing the filing dates of the priority 
applications as required by the Examiner, accompanies this Response. 

Rejection under 35 U.S.C. § 112 

Claim 6 was rejected under 35 U.S.C. § 1 12, second paragraph, for being vague 
and indefinite. Claim 6 has been amended. The amendment to claim 6 clarified the 
invention without narrowing the scope of the invention. It is believed that all claims 
comply with 35 U.S.C. § 112. 

Rejections under 35 U.S.C. § 102 

Claim 13 is rejected under 35 U.S.C. § 102(b) as being anticipated by Gagnon et 
al (U.S. Patent No. 4,425,028) (Gagnon). It is stated in the Office Action that Gagnon 
discloses a projection system comprising a polarizing beamsplitter (22 or 24) and a color 
separation prism (24, 28 or 32) wherein the axes of the polarizing beamsplitter and color 
separation prism are perpendicular. Gagnon teaches a projection system in which light 
from a light source (38) is directed to a first color selective beamsplitter or prepolarizer 
(22), which removes the green s-polarized light. The transmitted light propagates to the 
second polarizing beamsplitter (24) that reflects a portion of the light in a beam (108) to a 
dichroic separator (28). The dichroic separator reflects green light to a green liquid 
crystal light valve assembly (44). Green image light is reflected from the green liquid 
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crystal light valve assembly, via the dichroic separator and through the second polarizing 
beamsplitter to a projection lens (56). The light transmitted through the second 
polarizing beamsplitter from the first color selective beamsplitter is transmitted to a 
second dichroic separator (32) which reflects red light to a red liquid crystal light valve 
(48) and transmits the blue light to the blue liquid crystal light valve (50). Image light 
reflected by the red and blue light valve assemblies is transmitted back to the second 
polarizing beamsplitter and then reflected to the projection lens. 

The invention of claim 13 is directed to a projection system comprising a 
Cartesian polarizing beam splitter (PBS), the Cartesian PBS defining a first tilt axis, and 
a color separation prism assembly having a second tilt axis. The Cartesian PBS and the 
prism assembly are arranged such that the first and second tilt axes are perpendicular to 
each other. 

To anticipate a claim, the reference must teach every element of the claim. "A 
claim is anticipated only if each and every element as set forth in the claim is found, 
either expressly or inherently described, in a single prior art reference." Verdegaal Bros, 
v. Union Oil Co. of California . 814 F.2d 628,631, 2 USPQ2d 1051 1053 (Fed. Cir.) 1987). 
"The identical invention must be shown in as complete detail as is contained in 
the.. .claim." Richardson v. Suzuki Motor Co. . 868 F. 2d1226, 1236, 9 USPQ2d 1913, 
1920 (Fed. Cir. 1989). Therefore, if a reference does not teach every element of the 
claim, then the reference does not anticipate the claim (see MPEP § 2131). Gagnon 
fails to teach all the elements of claim 13, and so does not anticipate claim 13. 

First, Gagnon does not teach a color separation prism assembly. Instead, 
Gagnon teaches the use of color-sensitive polarizing beamsplitter (22 and 24) and 
dichroic mirrors (28 and 32) to separate the incoming white light into red, green, and blue 
components in particular polarization states. These elements are different from a color 
separation prism assembly. 

The components taught by Gagnon do not constitute a color separation prism 
assembly, and one of ordinary skill in the art would not understand Gagnon to teach a 
color separation prism assembly. As evidence of this, the Examiner is referred to, for 
example, Bryars (U.S. Patent No. 5,986,815), also cited by the Examiner in a 102 
rejection of the current claim. This reference lists different types of "color splitting 
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means" at col. 10, lines 45-51, including Philips prisms, X-prisms, L-prisms, beamsplitter 
cubes and dichroic mirrors. Bryars, therefore, distinguishes among dichroic reflectors, 
beamsplitter cubes and prism-type color separators. Accordingly, one of ordinary skill 
would understand that the term "color separation prism assembly" would not cover a 
combination of beamsplitter cubes and dichroic mirrors. Instead, one of ordinary skill 
would understand from the claim that polarization separation was performed by the 
Cartesian polarizing beamsplitter while color separation was performed separately by the 
color separation prism assembly. Gagnon's system, on the other hand, intermixes the 
functions of polarization separation and color separation, relying on the use of color- 
sensitive polarizers and dichroic mirrors. As a result, Gagnon does not teach the use of 
a color separation prism assembly. 

Second, Gagnon fails to teach the use of a Cartesian PBS. Instead, Gagnon 
refers to the light passing through the various polarizing beamsplitters as p-polarized or 
s-polarized. A definition of a Cartesian PBS is presented in the present Application at 
page 7, lines 16-17, viz. a Cartesian PBS is one in which the polarization of the separate 
beams is referenced to invariant, generally orthogonal, principal axes of the PBS. 
Consequently, the interaction of the Cartesian PBS is characterized by how the incident 
light is polarized with respect to the PBS axis . 

In contrast, the interaction of a conventional PBS, such as a McNeille PBS, is 
characterized in terms of how the incident light is polarized with respect to the plane of 
incidence . As an example, incidence at Brewster's angle on a conventional polarizer 
surface results in light being totally transmitted, without reflection, only if the polarization 
of the light is parallel to the plane of incidence (p-polarized). If the light is incident on the 
surface in a direction not completely parallel to the plane of incidence, then there exists a 
reflected component. On the other hand, a Cartesian PBS transmits substantially all of 
the incident light even if the light is not polarized parallel to the plane of incidence, so 
long as the light is polarized parallel to the correct axis of the polarizer. Thus, the 
Cartesian and non-Cartesian polarizers are fundamentally different from one another. 
Gagnon fails to teach the use of a Cartesian PBS. 

Therefore, since Gagnon fails to teach all the elements of claim 13, Gagnon does 
not anticipate claim 13, and claim 13 is allowable thereover. 
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Claim 13 is rejected under 35 U.S.C. §1 02(b) as being anticipated by Nagashima 
(JP 63039394). Nagashima shows a polarizing beamsplitter (21 ) that reflects light from 
a light source (23) towards a color prism assembly (1 1 ). 

The term "tilt axis" as defined in the present application is described in page 13, 
line 3 - page 14, line 23, with reference to FIGs. 2a and 2b. The tilt axis (56) of the 
polarizing beamsplitter (32) is the axis about which the reflecting surface is rotated to 
turn the surface away from normal incidence. Likewise, the tilt axes (58) of the color 
separation prism assembly (36) are the axes about which the reflecting surfaces of the 
prisms are rotated to turn the reflecting surfaces away from normal incidence. As can 
be seen in Nagashima's Figure 1, the tilt axes of the PBS and the turning prism project 
out of the plane of the figure, and are parallel. This can be compared to the embodiment 
of the invention illustrated in Figure 2b of the present application, in which the tilt axes 
are illustrated to be perpendicular. Thus, Nagashima fails to teach that the tilt axes are 
perpendicular. 

Furthermore, Nagashima fails to teach the use of a Cartesian PBS. 

Accordingly, since Nagashima fails to teach all the elements of claim 13, 
Nagashima fails to anticipate claim 13, and so claim 13 is allowable over Nagashima. 

Claim 13 is rejected under 35 U.S.C. § 102(e) as being anticipated by Bryars 
(U.S. Patent No. 5,986,815) (Bryars '81 5). Bryars '815 fails to teach all the elements of 
claim 13. In particular, Bryars '815 fails to teach that the tilt axes of the Cartesian PBS 
and the color separation prism assembly are perpendicular. Bryars '815 shows, in FIG. 
1, a projection system having light source (10) that illuminates a PBS (20). The light 
reflected from the PBS is directed to a Philips type of prism assembly (30), formed by 
three prisms R t G, and B. Prism R has a reflecting surface (41b) and prism G has a 
reflecting surface (51 b). The tilt axes of the PBS, and the two reflecting surfaces are all 
parallel, and lie out of the plane of the figure. Accordingly, Bryars '815 fails to teach that 
the tilt axes of the PBS and the color separation prism assembly are perpendicular. 

Furthermore, Bryars '81 5 fails to teach the use of a Cartesian PBS. 

Accordingly, since Bryars '815 fails to teach all the elements of claim 13, Bryars 
'815 fails to anticipate claim 13, and so claim 13 is allowable over Bryars '815. 
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Claim 13 is rejected under 35 U.S.C. § 102(e) as being anticipated by Bryars et al. 
(U.S. Patent No. 6,144,498) (Bryars '498). Bryars '498 fails to teach all the elements of 
claim 13. In particular, Bryars '498 fails to teach that the tilt axes of the Cartesian PBS 
and the color separation prism assembly are perpendicular. Bryars '498 shows, for 
example in FIG. 2, a projection system having light source (102) that illuminates a PBS 
(106). The light reflected from the PBS is directed to a prism assembly (10), formed by 
three prisms R, B, and G. Prism R has a reflecting surface (22bb) and prism B has a 
reflecting surface (24b). The tilt axes of the PBS, and the two reflecting surfaces are all 
parallel, and lie out of the plane of the figure. Accordingly, Bryars '498 fails to teach that 
the tilt axes of the PBS and the color separation prism assembly are perpendicular. 

Furthermore, Bryars '498 fails to teach the use of a Cartesian PBS. 

Accordingly, since Bryars '498 fails to teach all the elements of claim 13, Bryars 
'498 fails to anticipate claim 13, and so claim 13 is allowable over Bryars '498. 

Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Kuijper (U.S. 
Patent No. 6,250,762 B1). Kuijper teaches a projection system having a light source (5) 
that illuminates a PBS (9). Light reflected by the PBS is directed to a color-separating 
element (17), comprised of three prisms 19, 21, and 23. This is referred to as a 
"plumbicon" prism. Blue light is reflected at the first interface (25), and red light is 
reflected at the second interface (27). 

The tilt axes of the PBS, and the two reflecting surfaces are all parallel, and lie out 
of the plane of the figure. Accordingly, Kuijper fails to teach that the tilt axes of the PBS 
and the color separation prism assembly are perpendicular. 

Furthermore, Kuijper fails to teach the use of a Cartesian PBS. 

Accordingly, since Kuijper fails to teach all the elements of claim 13, Kuijper fails 
to anticipate claim 13, and so claim 13 is allowable over Kuijper. 

Claim 13 is also rejected under 35 U.S.C. § 102(e) as being anticipated by Knox 
(U.S. Patent No. 6,390,626 B2). Knox teaches a projection system having a light source 
(210) that illuminates a PBS (220). Light reflected by the PBS is directed to various 
embodiments of color separating prism assemblies, including a Philips color prism (330), 
in FIGs. 13 and 17, prism assembly (430) in FIG. 14, and prism (530) in FIG. 16. Each 
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of the prism assemblies taught by Knox includes reflecting surfaces for separating and 
combining light of different colors. 

The tilt axes of the PBS, however, and the reflecting surfaces in each prism 
assembly are all parallel, and lie out of the plane of the respective figures. Accordingly, 
Knox fails to teach that the tilt axes of the PBS and the color separation prism assembly 
are perpendicular. 

Accordingly, since Knox fails to teach all the elements of claim 13, Knox fails to 
anticipate claim 13, and so claim 13 is allowable over Knox. 

Since claim 13 is allowable over all the art cited in the Office Action, and since 
claim 13 is a generic claim, Applicants respectfully request that claims 14-18, which 
depend from claim 13, be reinstated in the present application for consideration. 

Rejections under 35 U.S.C. § 103 

Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Nagashima in view of Duwaer et al. (U.S. Patent No. 5,146,248) 
(Duwaer). It is stated in the Office Action that Nagashima discloses all of the subject 
matter claimed, as described in the discussion of the rejection of claim 13, with the 
exception for explicitly stating that the illumination system has a f/# less than or equal to 
2.5. It is further stated in the Office action that Duwaer teaches that it is well known to 
use an illumination system having an f/# less than or equal to 2.5 in the same field of 
endeavor for the purpose of producing a large cone of light, and that it would have been 
obvious at the time the invention was made to modify the illumination system of 
Nagashima to include a typically illumination system having a f/# less than or equal to 
2.5 as taught by Duwaer, in order to increase the brightness efficiency without sacrificing 
contrast or desirable brightness versus contrast ratio. 

Claims 1, 2, 4-7 and 9-12 are also rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Bryars ('815) or Bryars (498) in view of Duwaer, and unpatentable 
over Kuijper in view of Duwaer and unpatentable over Knox in view of Duwaer, all for the 
same reasons as discussed above with respect to the rejection based on the proposed 
combination of Nagashima and Duwaer. All of these 103 rejections are discussed 
together, since they all fail for the same reasons. 
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Duwaer discusses a light valve projection system based on the use of three 
separate light sources (30, 40 and 50) emitting light at different wavelengths. Respective 
reflectors (34, 44, and 54) collect the light to illuminate respective transmissive light 
valves (36, 46 and 56). The image light transmitted through the light valves is combined 
in a Philips color prism (38, 48, 58), and projected using a projection lens (60). Duwaer 
indicates that the illumination system for this transmission-type imaging system may be 
as low as f/2.0. 

Three criteria must be met to establish a prima facie case of obviousness. First, 
there must be some suggestion or motivation, either in the references themselves or in 
the knowledge generally available to one of ordinary skill in the art, to modify the 
reference. Second, there must be a reasonable expectation of success. Finally, the 
prior art reference, or combination of references, must teach or suggest all the claim 
limitations. MPEP § 2142. Applicant respectfully traverses the rejection since the prior 
art fails to disclose all the claim limitations. 

Claim 1 is directed to an optical imaging system that comprises an illumination 
system providing a beam of light, the illumination system having an f/# less than or equal 
to 2.5. A Cartesian PBS has a first tilt axis, oriented to receive the beam of light. The 
Cartesian PBS nominally polarizes the beam of light with respect to the Cartesian PBS. 
A first polarized beam of light having a first polarization direction is folded by the 
Cartesian PBS and a second polarized beam of light having a second polarization 
direction is transmitted by the Cartesian PBS. A color separation and recombination 
prism is optically aligned to receive one of the polarized beams of light. The prism has a 
second tilt axis, a plurality of color separating surfaces, and a plurality of exit surfaces. 
The second tilt axis is oriented perpendicularly to the first tilt axis of the Cartesian PBS 
so that the polarized beam is nominally polarization rotated into the opposite polarization 
direction with respect to the color separating surfaces and a respective beam of colored 
light exits through each of the exit surfaces. The system further includes a plurality of 
polarization modulating imagers, each imager placed at one of the exit surfaces of the 
color separating and recombining prism to receive one of the respective beams of 
colored light. Each imager can separately modulate the polarization state of the 
respectively incident beam of colored light. 
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There are several reasons why the proposed combinations of references fail to 
teach all the claimed elements. First, a feature of the invention of claim 1 is that the 
second tilt axis of the color separation and recombination prism is perpendicular to the 
first tilt axis of the Cartesian PBS. As is discussed above, the tilt axis is defined in the 
present application in FIGs. 2a and 2b, and at page 13, line 3 - page 14, line 23. In 
accordance with that definition, as discussed above with respect to the rejections of 
claim 13 under 35 U.S.C. § 102, none of Nagashima, Bryars (815), Bryars ('498), Kuijper 
and Kpox teach that the color separating and recombining prism has a tilt axis 
perpendicular to the tilt axis of the PBS. Instead, each of these references teach that the 
tilt axis of the color separating prism is parallel to the tilt axis of the PBS. Duwaer fails to 
rectify this deficiency. In fact, Duwaer does not even teach the use of a PBS, since 
Duwaer's system is based on transmission-type liquid crystal displays. Accordingly, the 
proposed combinations of references all fail to teach or suggest that the tilt axes of the 
PBS and the color separation prism are perpendicular. 

Second, although Duwaer does teach an illumination system having an f/# of 2.0, 
it is important to note that this is for a transmission type of light valve, and not a reflection 
type of light valve. Consequently, Duwaer's system simply combines the image light in 
the Philips prism and then projects the combined image using a projection lens. A 
reflection-based imaging system, on the other hand, uses a PBS to separate the 
reflected image light from the incoming light. This requires a PBS having a particularly 
wide acceptance angle in order to illuminate with an f/# less than 2.5, as is taught in the 
present application and the parent application, which is incorporated by reference. 
None of the cited references, either individually or in combination teach or suggest that it 
was known to use an illumination system having an f/# of 2.5 or less for a reflective 
imaging system. 

Therefore, the proposed combinations of Nagashima, Bryars ('815), Bryars ('498), 
Kuijper or Knox with Duwaer all fail to teach or suggest all the elements of the invention 
of claim 1. 

Furthermore, there would be no reasonable expectation of success, nor would 
there be motivation to combine the references as suggested in the Office Action. None 
of the prior art cited in the Office Action teaches or suggests a PBS that could efficiently 
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be used in a projection system with illuminating light having an f/# of 2.5 or less. 
Therefore, while Duwaer taught a low f/# transmissive projection system, there was no 
wide angle PBS that could be used Jn a low f/# reflective projection system. Accordingly, 
one of ordinary skill would have had no reasonable expectation that combining Duwaer's 
teachings with the projection systems taught by Nagashima, Bryars ('815), Bryars ('498), 
Kuijper or Knox would have resulted in a more efficient projection system. 

In view of the above, Applicants respectfully assert that the proposed 
combinations of references fail to teach or suggest all the elements of the invention of 
claim 1 and that there would have been no reasonable expectation at success in 
producing a projection system with increased efficiency by making the proposed 
combinations. Accordingly, claim 1 is not obvious in view of the cited art and is 
patentable thereover. 

Dependent claims 2, 4-7, and 9-12, which depend from independent claim 1 and 
further define the invention of independent claim 1 , were also rejected under 35 U.S.C. 
§1 03(a) as being unpatentable over the same combinations of references. While 
Applicants do not acquiesce with the particular rejections to these dependent claims, it is 
believed that these rejections are moot in view of the remarks made in connection with 
independent claim 1. Therefore, dependent claims 2, 4-7 and 9-12 are also in condition 
for allowance. 

New claim 26 is directed to a projection system where the Cartesian polarizing 
beam splitter is disposed so that illumination light reaching the color separation prism 
assembly via the Cartesian polarizing beamsplitter is in substantially the same 
polarization state across all color bands. This is illustrated in FIG. 2b and the description 
thereof. No new matter has been added. This claim depends from claim 13 which is 
allowable. 

In view of the amendments and reasons provided above, Claims 1, 2, 4-7 and 9- 
13 are in condition for allowance. Applicant respectfully requests favorable 
reconsideration and early allowance of all pending claims. Furthermore, Applicants 
respectfully request that all pending claims not currently under consideration be 
reinstated and allowed. 
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If a telephone conference would be helpful in resolving any issues concerning this 
communication, please contact the below-signed attorney at 952-253-41 10. 

Respectfully submitted, 

Altera Law Group, LLC 



Date: January 24, 2003 



By: 




Ca. a 



lain A. Mclntyre 
Reg. No. 40,337 
IAM/ 
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Appendix A 
Marked Up Version of the Entire Claim Set 

The entire set of pending claims is provided for the Examiner's convenience. 

1. (unchanged) An optical imaging system comprising: 

a) an illumination system providing a beam of light, the illumination system having an 
f/# less than or equal to 2.5; 

b) a Cartesian polarizing beam-splitter having a first tilt axis, oriented to receive the 
beam of light, wherein the Cartesian polarizing beam splitter nominally polarizes 
the beam of light with respect to the Cartesian beam-splitter, wherein a first 
polarized beam of light having a first polarization direction is folded by the 
Cartesian polarizing beam splitter and a second polarized beam of light having a 
second polarization direction is transmitted by the Cartesian polarizing beam 
splitter; 

c) a color separation and recombination prism optically aligned to receive one of the 
polarized beams of light, said prism having a second tilt axis, a plurality of color 
separating surfaces, and a plurality of exit surfaces, wherein the second tilt axis is 
oriented perpendicularly to the first tilt axis of the Cartesian polarizing beam- 
splitter so that the polarized beam is nominally polarization rotated into the 
opposite polarization direction with respect to the color separating surfaces and a 
respective beam of colored light exits through each of the exit surfaces; and 

d) a plurality of polarization modulating imagers, each imager placed at one of the 
exit surface of the color separating and recombining prism to receive one of the 
respective beams of colored light, wherein each imager can separately modulate 
the polarization state of the beam of colored light incident on said imagers. 



2. (unchanged) The optical imaging system of claim 1 , wherein the first 
polarization direction is nominally s-polarization and the second polarization direction is 
nominally p-polarization. 
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3. (unchanged) The optical imaging system of claim 1 , wherein the first 
polarization direction is nominally p-polarization and the second polarization direction is 
nominally s-polarization. 

4. (unchanged) The optical imaging system of claim 1 , wherein the 
illumination system provides a beam of substantially pre-polarized light. 

5. (unchanged) The optical imaging system of claim 1 , wherein the color 
separation and recombination prism includes at least three exit surfaces, and the 
plurality of imagers includes at least three imagers, wherein each of the colored light 
beams is a different color and each imager receives one of the different color light 
beams. 

6. (once amended) The optical imaging system of claim 1 , wherein each 
imager reflects a polarization modulated image, wherein [each image enters] the images 
reflected by the imagers enter the color separation and recombination prism and the 
prism recombines the images into a single combined image, wherein the combined 
image is transmitted by the Cartesian polarizing beam splitter. 

7. (unchanged) The optical imaging system of claim 6, further comprising a 
projection lens assembly, wherein the combined image is projected by the lens assembly 
onto a surface for viewing. 

8. (unchanged) The optical imaging system of claim 1, wherein the optical 
system is a front projection system. 

9. (unchanged) The optical imaging system of claim 1, wherein the optical 
system is a rear projection system. 

10. (unchanged) The optical imaging system of claim 1, wherein the color 
separation and recombination prism includes a Philips prism. 



14 



3M Ref. Number: 4 9837US051 
Office Action Response 



1 1 . (once amended) The optical imaging system of claim 1 , wherein the 
Cartesian polarizing beam splitter includes a [APF] multilayer optical film. 

12. (unchanged) The optical imaging system of claim 1 , wherein the 
polarization modulating imagers include a LCOS imager. 

13. (unchanged) A projection system comprising: 

a) a Cartesian polarizing beam splitter, the Cartesian polarizing beam 
splitter defining a first tilt axis;- 

b) a color separation prism assembly, the prism assembly having a second 

tilt axis; 

c) wherein the Cartesian polarizing beam splitter and the prism assembly 
are arranged such that the first and the second tilt axes are perpendicular to each 
other. 

14. (unchanged) The projection system of claim 13, further comprising an 
illumination system providing a beam of light, the illumination system having an f/# less 
than or equal to 2.5. 

15. (unchanged) The projection system of claim 13, wherein the projection 
system is a front projection system. 

16. (unchanged) The projection system of claim 13, wherein the system is a 
rear projection system. 

17. (unchanged) The projection system of claim 13, wherein the color 
separation prism assembly includes a Philips prism. 

18. (once amended) The projection system of claim 13, wherein the Cartesian 
polarizing beam splitter includes [APF] a multilayer optical film. 
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19. (unchanged) A projection engine for displaying an image, the projection 
engine comprising: 

a) a Cartesian polarizing beam-splitter having invariant, generally 
orthogonal principal axes including a first tilt axis; wherein the Cartesian polarizing 
beam splitter reflects a first polarization component beam of an incident beam of 
light and transmits a second polarization component beam, the polarization of the 
separate component beams being referenced to the principal axes; and 

b) a color separating prism assembly, optically aligned to receive one of 
the polarization component beams, the prism assembly having a plurality of color 
separating surfaces having tilt axes, the tilt axes of the color separating prism 
assembly being perpendicular to the first tilt axes of the Cartesian polarizing beam 
splitter. 

22. (unchanged) The projection engine of claim 19, further comprising an 
illumination system providing the incident beam of light, the illumination system having 
an f/# of at most 2.5. 

23. (unchanged) The projection engine of claim 19, further comprising a 
plurality of imagers, wherein the prism assembly has a plurality of exit surfaces and each 
imager is optically aligned with respect to a corresponding exit surface. 

24; (unchanged) The projection engine of claim 23, 

a) further comprising a projection lens assembly; 

b) wherein each imager is a polarization modulating reflective imager and 
the prism assembly is a color separating and recombining prism assembly; 

c) wherein the prism assembly receives the one polarization component 
beam and separates the polarization component beam into a plurality of color 
beams; 
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d) wherein each color beam exits through a respective exit surface and a 
portion of the color beam is polarization modulated and reflected by the respective 
imager; and 

e) wherein the reflected portions of the color beams re-enter the prism 
assembly and are recombined into a single image beam, the image beam being 
directed by the Cartesian polarizing beam splitter to the projection lens assembly, 
wherein the projection lens assembly. projects an image. 

25. (unchanged) The optical imaging system of claim 1 , wherein the Cartesian 
polarizing beam splitter is a wire grid polarizer. 

26. (new) The projection system of claim 13, wherein the Cartesian polarizing 
beamsplitter is disposed so that illumination light reaching the color separation prism 
assembly via the Cartesian polarizing beamsplitter is in substantially the same 
polarization state across all color bands. 
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Appendix B 

Marked Up Version of Amendments to Specification 

Kindly change the first paragraph, page 2 to read as follows: 

The present application is a continuation-in-part of commonly-assigned U. S. 
Patent Application Serial No. 09/312,917, "Reflective LCD Projection System Using 
Wide-Angle Cartesian Polarizing Beam Splitter", filed on May 17 [5], 1999, which is 
hereby incorporated by reference. The present application also claims priority from 
commonly assigned U.S. Provisional Application No. 60/178,973 entitled "Reflective LCD 
Projection System Using Wide-Angle Cartesian Polarizing Beam Splitter and Color 
Separation and Recombination Prisms", filed January 25 [6], 2000, which is hereby 
incorporated by reference. 
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application from the International Bureau (PCT Rule 17.2(a)). 
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1 . Newly presented claim 26 is drawn to nonelected invention V, due to the fact that the 
claim recites particular details of the polarizing beam splitter. Since applicant has received an 
action on the merits for the originally present invention, this invention has been constructively 
elected by original presentation for prosecution on the merits. Accordingly, claim 26 is 
withdrawn from consideration as being directed to a non-elected invention. See 37 CFR1. 142(b) 
and MPEP 821.03. 

2. Applicant's arguments filed 1/3 1/03 have been fully considered but they are not persuasive. 
Applicant argues that the prior to Nagashima ('294), Bryars ('815), Bryars et al ('498) 

and Kuijper ('762) do not teach a Cartesian polarizing beam splitter. The examiner disagrees and 
is of the opinion that the polarizing beam splitter of Nagashima 0294), Bryars ('81 5), Bryars et al 
('498) and Kuijper ('762) is inherently a Cartesian polarizing beam splitter due to the fact that the 
polarizing beam splitter splits an incident light into first and second substantially polarized beams, 
wherein the polarization states thereof are inherently referenced to some coordinate system. Note 
In re Ludtke . 169 USPQ 563 (CCPA 1971). In re Swinehart. 169USPQ226 (CCPA 1971) and 
In re Spada. 15 USPQ 2d 1655. 1658 (Ted. Cir. 1990). 

In addition, the examiner reminds applicant that an apparatus must be distinguished from 
the prior art in terms of structure rather than function . See In re Danley , 120 USPQ 528, 53 1 
(CCPA 1959) and Hewlett-Packard Co. V. Bausch & Lomb Inc. 15 USPQ 2d 1525, 1528 (Fed. 
Cir 1990). 
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Applicant argues that the prior to Nagashima ('294), Bryars ('815), Bryars et al ('498), 
Kuijper ('762) and Knox ('626) do not teach that the axes of the polarizing beam splitter and the 
color separation prism are perpendicular. The examiner disagrees and is of the opinion that the 
respective figure(s) of Nagashima ('294), Bryars ('815), Bryars et al ('498), Kuijper ('762) and 
Knox ('626) clearly illustrate the axes of the polarizing beam splitter and the color separation 
prism being perpendicular in the same manner, as illustrated by applicant in Figures lb and 2b. 

In response to applicant's argument that there is no suggestion or motivation to combine 
the references Nagashima ( c 294), Bryars ('815), Bryars et al ('498), Kuijper ('762) or Knox 
('626) in view of Duwaer et al ('248), the examiner recognizes that obviousness can only be 
established by combining or modifying the teachings of the prior art to produce the claimed 
invention where there is some teaching, suggestion or motivation to do so found either in the 
references themselves or In The Knowledge Generally Available To One Qf Ordinary Skill In The 
Art. SeelnieFine, 837 F.2d 1071, 5 U.S.P.Q. 2d 1596 (FED. CIR, 1988) and In re Jones . 958 
F.2d 347, 21 U.S.P.Q. 2d 1941 (FED. CIR. 1992). In the case, the reference to Duwaer et al 
teaches employing illumination optics having a f/# equal to or less than 2.5, which would 
obviously convey to one of ordinary skill in the art the knowledge of brightness adjustability. 

Furthermore, the test for obviousness is not whether the features of a secondary reference 
may be bodily incorporated into the structure of the primary reference, nor is it that the claimed 
invention must be expressly suggested in anyone or all of the references, rather, the test is what 
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the combined teaching of the references, as a whole, would have suggested to those of ordinary 
skill in the art. See In re Keller . 642 F.2d 413, 208 U.S.P.Q. 871 (CCPA 1981). 

Moreover, one cannot show nonobviousness by attacking the references individually, 
where the rejection is based on a combination of references. See in re Merck & Co., 800 F. 2d 
1091, 231 U.S.P.Q. 375 (FED. CIR. 1986) and In re Keller 642 F. 2d 413,208 U.S.P.Q. 871 
(CCPA 1981). 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use 
or on sale in this country, more than one year prior to the date of application for patent in the United States. 

(e) the invention was described in (1) an application for patent, published under section 
122(b), by another filed in the United States before the invention by the applicant for 
patent or (2) a patent granted on an application for patent by another filed in the United 
States before the invention by the applicant for patent, except that an international 
application filed under the treaty defined in section 351(a) shall have the effects for 
purposes of this subsection of an application filed in the United States only if the 
international application designated the United States arid was published under Article 
21(2) of such treaty in the English language. 



4. Claim 13 is rejected under 35 U.S.C. 102(b) as being anticipated by Nagashima ( ( 294). 

Nagashima discloses a projection system comprising an illumination system (22,23), a 
polarizing beam splitter (21), a color separation and recombination prism (1 1) a plurality of 
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polarization modulating imagers (12,13,14) and a projection lens (24), wherein the axes of the 
polarizing beam splitter and the color separation prism are perpendicular. Note fig. 1 . 

5. Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Bryars ('815). 
Bryars discloses a projection system comprising an illumination system (10), a polarizing 

beam splitter (20), a color separation and recombination prism (30), a plurality of polarization 
modulating imagers (90,1 10,130) and a projection lens (140), wherein the axes of the polarizing 
beam splitter and the color separation prism are perpendicular. Note figures 1, 6 and 17 and the 
associated description thereof 

6. Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Bryars et al ('498). 
Bryars et al discloses a projection system comprising an illumination system (102,105), a 

polarizing beam splitter (106), a color separation and recombination prism (10), a plurality of 
polarization modulating imagers (1 10,1 12,1 14) and a projection lens (118), wherein the axes of 
the polarizing beam splitter and the color separation prism are perpendicular. Note figures 2 and 
4-6 and the associated description thereof 

7. Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Kuijper ('762). 
Kuijper discloses a projection system comprising an illumination system (5), a pre- 

polarizing light (7), a polarizing beam splitter (9), a color separation and recombination prism 
(17), a plurality of polarization modulating imagers (1 1,13,15) and a projection lens (29), wherein 
the axes of the polarizing beam splitter and the color separation prism are perpendicular. Note 
figures 1 and 3 and the associated description thereof 
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8. Claim 13 is rejected under 35 U.S.C. 102(e) as being anticipated by Knox ('626). 
Knox discloses a projection system comprising an illumination system (210,270), a 

polarizing beam splitter (220), a color separation and recombination prism (330), a plurality of 
polarization modulating imagers (341,342,343) and a projection lens (260), wherein the axes of 
the polarizing beam splitter and the color separation prism are perpendicular. Note figures 13 and 
17 and the associated description thereof. 

9. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 1 02 of this title, if the duTerences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

10. Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nagashima ('294) in view of Duwaer et al ('248). 

Nagashima discloses all of the subject matter claimed, note the above explanation, except 
for explicitly stating that the illumination system has a f7# less than or equal to 2.5. 

Duwaer et al teaches it is well known to use an illumination system having a f7# less than 
or equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 

Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
the art at the time the invention was made to modify the illumination system of Nagashima to 
include a typical illumination system having a f7# less than or equal to 2.5, as taught by Duwaer et 
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al in order to increase the brightness efficiency without sacrificing contrast or desirable brightness 
versus contrast ratio. 

As to the limitations of claim 4, it is well known to employ a prepolarizer or clean-up 
polarizer before a polarizing beam splitter in the same field of endeavor for the purpose of 
enhancing the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the illumination system of 
Nagashima to include a prepolarizer or clean-up polarizer before the polarizing beam splitter as is 
commonly used and employed in the art in order to enhance the contrast ratio. 

As to the limitations of claim 11, it is well known to employ APF multilayer polarizing 
beam splitters in the same field of endeavor for the purpose of enhancing the acceptance angle 
and/or the contrast ratio. Therefore, it would have been obvious and/or within the level of one of 
ordinary skill in the art at the time the invention was made to modify the polarizing beam splitter 
of Nagashima to include a APF multilayer polarizing beam splitter as is commonly used and 
employed in the art in order to enhance the acceptance angle and/or the contrast ratio. 

As to the limitations of claim 12, it is well known to employ LCOS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the imagers of Nagashima 
to include a LCOS imagers as is commonly used and employed in the art in order to reduce 
unwanted depolarization of light which thereby enhances the contrast ratio. 
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11. Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bryars ('815) or Bryars et al ('498) in view of Duwaer et al ('248). 

Bryars and Bryars et al each disclose all of the subject matter claimed, note the above 
explanation, except for explicitly stating that the illumination system has a f/# less than or equal to 
2.5. 

Duwaer et al teaches it is well known to use an illumination system having a f/# less than 
or equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 

Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
the art at the time the invention was made to modify the illumination system of Bryars or Bryars 
et al to include a typical illumination system having a f7# less than or equal to 2.5, as taught by 
Duwaer et al in order to increase the brightness efficiency without sacrificing contrast or 
desirable brightness versus contrast ratio. 

As to the limitations of claim 4, it is well known to employ a prepolarizer or clean-up 
polarizer before a polarizing beam splitter in the same field of endeavor for the purpose of 
enhancing the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the illumination system of 
Bryars or Bryars et al to include a prepolarizer or clean-up polarizer before the polarizing beam 
splitter as is commonly used and employed in the art in order to enhance the contrast ratio. 

As to the limitations of claim 1 1, it is well known to employ APF multilayer polarizing 
beam splitters in the same field of endeavor for the purpose of enhancing the acceptance angle 
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and/or the contrast ratio. Therefore, it would have been obvious and/or within the level of one of 
ordinary skill in the art at the time the invention was made to modify the polarizing beam splitter 
of Bryars or Bryars et al to include a APF multilayer polarizing beam splitter as is commonly used 
and employed in the art in order to enhance the acceptance angle and/or the contrast ratio r 

As to the limitations of claim 12, it is well known to employ LCOS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the imagers of Bryars or 
Bryars et al to include a LCOS imagers as is commonly used and employed in the art in order to 
reduce unwanted depolarization of light which thereby enhances the contrast ratio. 
12. Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Kuijper ('762) in view of Duwaer et al ('248). 

Kuijper discloses all of the subject matter claimed, note the above explanation, except for 
explicitly stating that the illumination system has a ff# less than or equal to 2.5. 

Duwaer teaches it is well known to use an illumination system having a &# less than or 
equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 

Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
the art at the time the invention was made to modify the illumination system of Kuijper to include 
a typical illumination system having a f/# less than or equal to 2.5, as taught by Duwaer et al in 
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order to increase the brightness efficiency without sacrificing contrast or desirable brightness 
versus contrast ratio. 

As to the limitations of claim 11, it is well known to employ APF multilayer polarizing 
beam splitters in the same field of endeavor for the purpose of enhancing the acceptance angle 
and/or the contrast ratio. Therefore, it would have been obvious and/or within the level of one of 
ordinary skill in the art at the time the invention was made to modify the polarizing beam splitter 
of Kuijper to include a APF multilayer polarizing beam splitter as is commonly used and employed 
in the art in order to enhance the acceptance angle and/or the contrast ratio. 

As to the limitations of claim 12, it is well known to employ LCOS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the imagers of Kuijper to 
include a LCOS imagers as is commonly used and employed in the art in order to reduce 
unwanted depolarization of light which thereby enhances the contrast ratio. 
13. Claims 1, 2, 4-7 and 9-12 are rejected under 35 U.S. C. 103(a) as being unpatentable over 
Knox ('626) in view of Duwaer et al ('248). 

Knox discloses all of the subject matter claimed, note the above explanation, except for 
explicitly stating that the illumination system has a f/# less than or equal to 2.5. 

Duwaer teaches it is well known to use an illumination system having a f/# less than or 
equal to 2.5 in the same field of endeavor for the purpose of producing a large cone of light. 
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Therefore, it would have been obvious and/or within the level of one of ordinary skill in 
the art at the time the invention was made to modify the illumination system of Knox to include a 
typical illumination system having a f/# less than or equal to 2.5, as taught by Duwaer et al in 
order to increase the brightness efficiency without sacrificing contrast or desirable brightness 
versus contrast ratio. 

As to the limitations of claim 4, it is well known to employ a prepolarizer or clean-up 
polarizer before a polarizing beam splitter in the same field of endeavor for the purpose of 
enhancing the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the illumination system of 
Knox to include a prepolarizer or clean-up polarizer before the polarizing beam splitter as is 
commonly used and employed in the art in order to enhance the contrast ratio. 

As to the limitations of claim 12, it is well known to employ LCOS imagers in the same 
field of endeavor for the purpose of reducing unwanted depolarization of light which thereby 
enhances the contrast ratio. Therefore, it would have been obvious and/or within the level of one 
of ordinary skill in the art at the time the invention was made to modify the imagers of Knox as is 
commonly used and employed in the art in order to reduce unwanted depolarization of light which 
thereby enhances the contrast ratio. 

14. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 . 1 36(a). ;. 
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A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 CFR 
1. 136(a) will be calculated from the mailing date of the advisory action. In no event, however, 
will the statutory period for reply expire later than SIX MONTHS from the mailing date of this 
final action. 

15. Any inquiry concerning this communication should be directed to R.D. Shafer at telephone 
number (703) 308- 4813. 



RDS 

May 5, 2003 ' 
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IN THE CLAIMS 



1 . (original) An optical imaging system comprising: 

a) an illumination system providing a beam of light, the illumination system having an 
f/# less than or equal to 2.5; 

b) a Cartesian polarizing beam-splitter having a first tilt axis, oriented to receive the 
beam of light, wherein the Cartesian polarizing beam splitter nominally polarizes 
the beam of light with respect to the Cartesian beam-splitter, wherein a first 
polarized beam of light having a first polarization direction is folded by the 
Cartesian polarizing beam splitter and a second polarized beam of light having a 
second polarization direction is transmitted by the Cartesian polarizing beam 
splitter; 

c) a color separation and recombination prism optically aligned to receive one of the 
polarized beams of light, said prism having a second tilt axis, a plurality of color 
separating surfaces, and a plurality of exit surfaces, wherein the second tilt axis is 
oriented perpendicularly to the first tilt axis of the Cartesian polarizing beam- 
splitter so that the polarized beam is nominally polarization rotated into the 
opposite polarization direction with respect to the color separating surfaces and a 
respective beam of colored light exits through each of the exit surfaces; and 

d) a plurality of polarization modulating imagers, each imager placed at one of the 
exit surface of the color separating and recombining prism to receive one of the 
respective beams of colored light, wherein each imager can separately modulate 
the polarization state of the beam of colored light incident on said imagers. 

2. (original) The optical imaging system of claim 1 , wherein the first 
polarization direction is nominally s-polarization and the second polarization direction is 
nominally p-polarization. 

3. (withdrawn) The optical imaging system of claim 1 , wherein the first 
polarization direction is nominally p-polarization and the second polarization direction is 
nominally s-polarization. 
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4. (original) The optical imaging system of claim 1 , wherein the illumination 
system provides a beam of substantially pre-polarized light. 

5. (original) The optical imaging system of claim 1 , wherein the color 
separation and recombination prism includes at least three exit surfaces, and the 
plurality of imagers includes at least three imagers, wherein each of the colored light 
beams is a different color and each imager receives one of the different color light 
beams. 

6. (previously amended) The optical imaging system of claim 1 , wherein each 
imager reflects a polarization modulated image, wherein the images reflected by the 
imagers enter the color separation and recombination prism and the prism recombines 
the images into a single combined image, wherein the combined image is transmitted by 
the Cartesian polarizing beam splitter. 

7. (original) The optical imaging system of claim 6, further comprising a 
projection lens assembly, wherein the combined image is projected by the lens assembly 
onto a surface for viewing. 

8. (withdrawn) The optical imaging system of claim 1 , wherein the optical 
system is a front projection system. 

9. (original) The optical imaging system of claim 1 , wherein the optical 
system is a rear projection system. 

1 0. (original) The optical imaging system of claim 1 , wherein the color 
separation and recombination prism includes a Philips prism. 

1 1 . (withdrawn) The optical imaging system of claim 1 , wherein the Cartesian 
polarizing beam splitter includes a multilayer optical film. 
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12. (original) The optical imaging system of claim 1, wherein the polarization 
modulating imagers include a LCOS imager. 

13. (original) A projection system comprising: 

a) a Cartesian polarizing beam splitter, the Cartesian polarizing beam 
splitter defining a first tilt axis; 

b) a color separation prism assembly, the prism assembly having a second 

tilt axis; 

c) wherein the Cartesian polarizing beam splitter and the prism assembly 
are arranged such that the first and the second tilt axes are perpendicular to each 
other. 

14. (withdrawn) The projection system of claim 13, further comprising an 
illumination system providing a beam of light, the illumination system having an f/# less 
than or equal to 2.5. 

15. (withdrawn) The projection system of claim 13, wherein the projection 
system is a front projection system. 

16. (withdrawn) The projection system of claim 13, wherein the system is a 
rear projection system. 

17. (withdrawn) The projection system of claim 13, wherein the color 
separation prism assembly includes a Philips prism. 

18. (withdrawn) The projection system of claim 13, wherein the Cartesian 
polarizing beam splitter includes a multilayer optical film. 

19. (withdrawn) A projection engine for displaying an image, the projection 
engine comprising: 
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a) a Cartesian polarizing beam-splitter having invariant, generally 
orthogonal principal axes including a first tilt axis; wherein the Cartesian polarizing 
beam splitter reflects a first polarization component beam of an incident beam of 
light and transmits a second polarization component beam, the polarization of the 
separate component beams being referenced to the principal axes; and 

b) a color separating prism assembly, optically aligned to receive one of 
the polarization component beams, the prism assembly having a plurality of color 
separating surfaces having tilt axes, the tilt axes of the color separating prism 
assembly being perpendicular to the first tilt axes of the Cartesian polarizing beam 
splitter. 

22. (withdrawn) The projection engine of claim 19, further comprising an 
illumination system providing the incident beam of light, the illumination system having 
an f/# of at most 2.5. 

23. (withdrawn) The projection engine of claim 19, further comprising a 
plurality of imagers, wherein the prism assembly has a plurality of exit surfaces and each 
imager is optically aligned with respect to a corresponding exit surface. 

24. (withdrawn) The projection engine of claim 23, 

a) further comprising a projection lens assembly; 

b) wherein each imager is a polarization modulating reflective imager and 
the prism assembly is a color separating and recombining prism assembly; 

c) wherein the prism assembly receives the one polarization component 
beam and separates the polarization component beam into a plurality of color 
beams; 

d) wherein each color beam exits through a respective exit surface and a 
portion of the color beam is polarization modulated and reflected by the respective 
imager; and 

e) wherein the reflected portions of the color beams re-enter the prism 
assembly and are recombined into a single image beam, the image beam being 

Page 5 

3m 49837US051 
Docket Number: 00810.0527-US-I1 
Office Action Response 



directed by the Cartesian polarizing beam splitter to the projection lens assembly, 
wherein the projection lens assembly projects an image. 

25. (withdrawn) The optical imaging system of claim 1 , wherein the Cartesian 
polarizing beam splitter is a wire grid polarizer. 

26. (withdrawn) The projection system of claim 13, wherein the Cartesian 
polarizing beamsplitter is disposed so that illumination light reaching the color separation 
prism assembly via the Cartesian polarizing beamsplitter is in substantially the same 
polarization state across all color bands. 
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REMARKS 

Claims 1-19 and 22-26 are pending in the application. Claims 3, 8, 14-19, and 
22-26 have been withdrawn from consideration. 

Status of Claim 26 

The Examiner has withdrawn claim 26 from consideration because it recites 
particular details about the polarizing beamsplitter, and therefore falls under non-elected 
invention V. Applicants note that claim 26 depends from claim 13, which the Examiner 
has designated is a linking claim, allowance of which will result in removal of the 
restriction requirement. 

Rejections under 35 U.S.C. § 102 

Claim 13 is rejected under 35 U.S.C. §102(b) as being anticipated by Nagashima 
(JP 63039394) and under 35 U.S.C. § 102(e) as being anticipated by Bryars (U.S. Patent 
No. 5,986,815) (Bryars '815), Bryars et al. (U.S. Patent No. 6,144,498) (Bryars '498),. 
Kuijper (U.S. Patent No. 6,250,762 B1), and Knox (U.S. Patent No. 6,390,626 B2). 
These references were described in the response filed by Applicants on January 24, 
2003. 

The invention of claim 13 is directed to a projection system comprising a 
Cartesian polarizing beam splitter (PBS), the Cartesian PBS defining a first tilt axis, and 
a color separation prism assembly having a second tilt axis. The Cartesian PBS and the 
prism assembly are arranged such that the first and second tilt axes are perpendicular to 
each other. 

It is stated in the Office Action that these five references clearly illustrate the axes 
of the polarizing beamsplitter and color separation prism as being perpendicular in the 
same manner as is illustrated in FIGs. 1b and 2b of the present application. The 
Examiner is respectfully requested to reconsider these rejections of claim 13, for the 
reasons provided in the following paragraphs. The arguments over the cited references 
presented in the prior response are maintained and incorporated herein, but not are re- 
presented in their entirety. 



Page 7 



3m 49837US051 
Docket Number: 00810.0527-US-I1 
Office Action Response 



The following discussion makes reference to the marked up copies of FIGS. 1a, 
1b, 2a, 2b and FIG. 1 from Bryars '815 that accompany this response. 

In FIGs. 1a and 2a of the present application, the tilt axes (56 and 58) of the 
polarizing beamsplitter (PBS) and the color separation prism assembly are shown to be 
parallel. As a result of this structure, the central ray of the light propagates within the 
color prism assembly in a plane parallel to the figure of FIG. 1a. In other words, the 
central ray of the light reflected within the color prism assembly defines a plane parallel 
to the plane of the figure. The light reflected within the prism is illustrated in blue, and 
lies parallel to the x-z plane. The plane of the light reflected within the color prism is 
referred to hereafter as the prism reflection plane. It should be noted that the axes 
shown with Figs. 1a, 1b and 2b are consistent with the direction of light traveling in the 
device, even though the views look dissimilar. 

The light reflected from the source to the color prism assembly via the PBS also 
defines a plane. The central ray of the light entering the PBS from the source, shown in 
red, and the central ray of the light reflected by the PBS to the color prism assembly, 
also shown in red, defines a plane, referred to hereafter as the PBS reflection plane. 
The PBS reflection plane also lies parallel to the plane of the figure, and is parallel to the 
x-z plane. 

In the apparatus shown in FIGs. 1a and 2a of the present application, the PBS 
reflection plane and the PBS reflection plane are parallel. Note, that this results from 
the fact that the tilt axes are parallel. 

Referring now to the embodiments illustrated in FIGs. 1b and 2b, the tilt axis (56) 
of the PBS and the tilt axis (58) of the color prism assembly are now perpendicular. The 
Examiner is respectfully requested to consider the resulting reflection planes. The PBS 
reflection plane, defined by the rays shown in red, lies parallel to the plane of FIG. 1b, 
i.e. parallel to the x-z plane. The prism reflection plane, however, lies perpendicular to 
the plane of FIG. 1b, since the prism assembly has been rotated. Accordingly, the prism 
reflection plane and the PBS reflection plane are perpendicular to each other. This may 
be more clearly illustrated with reference to FIG. 2b, in which the rays shown in red 
define the PBS reflection plane, parallel to the x-z plane, while the rays shown in blue 
define the prism reflection plane, parallel to the y-z plane. 
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This is a result of the fact that the tilt axes of the embodiment illustrated in FIG. 2b 
are perpendicular. 

Thus, one way of understanding the differences between having the tilt axes 
parallel and the tilt axes perpendicular is that, when the tilt axes are parallel, then the 
prism reflection plane is parallel to the PBS reflection plane, and when the tilt axes are 
perpendicular, then the prism reflection plane is perpendicular to the PBS reflection 
plane. 

The embodiments illustrated in FIGs. 1a, 1b, 2a and 2b of the present 
Specification may be compared to FIG. 1 from Bryars '815. In the figure from Bryars 
'815, the PBS reflection plane, defined by the rays marked in red, lies parallel to the 
plane of the figure. The prism reflection plane, defined by the rays marked in blue, also 
lies parallel to the plane of the figure. This corresponds to the embodiment illustrated in 
FIG. 1a of the present invention, in which the tilt axes are parallel, and does not 
correspond to the embodiment illustrated in FIG. 1b, in which the tilt axes are 
perpendicular. 

Examination of each of the references shows systems similar to that shown in 
FIG. 1 from Bryars '815, i.e. the PBS reflection plane is parallel to the prism reflection 
plane, corresponding to the tilt axes being parallel. It is important to note that none of 
the cited references shows a system where the PBS reflection plane is perpendicular to 
the prism reflection plane. Consequently, none of the references teaches that the tilt 
axes of the PBS and the prism assembly are perpendicular. 

Since the tilt axis of the PBS being perpendicular to the tilt axis of the prism 
assembly is an element of claim 13, none of the references teach all the elements of 
claim 13, and claim 13 is not anticipated by the references. 

Applicants also disagree with the statement in the Office Action regarding the 
meaning of the term Cartesian polarizing beamsplitter. It is stated that Nagashima, 
Bryars "815, Bryars '498 and Kuijper inherently teach a Cartesian polarizing beamsplitter 
due to the fact that the polarizing beamsplitter splits an incident light into first and second 
substantially polarized beams, wherein the polarization stated thereof are inherently 
referenced to some co-ordinate system. 
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The term "Cartesian polarizing beamsplitter" was described in the previously filed 
response, where it is stated that a Cartesian PBS is one in which the polarization of the 
separate beams is referenced to invariant, generally orthogonal, principal axes of the 
PBS. The meaning of this definition was described. Applicants respectfully disagree 
with the statement that a polarizing beamsplitter is a Cartesian polarization beamsplitter 
simply because it produces first and second polarized beams that are inherently 
referenced to some co-ordinate system. 

It is well known that the inventor is allowed to be his own lexicographer, so long 
as the assigned meaning is not repugnant to the term's well known usage. MPEP 
21 1 1 .01 . Applicants respectfully suggest that the Examiner is not applying the defined 
meaning of the term but is applying his own meaning of the term. Evidence for this 
suggestion is provided in the phrase "inherently referenced to some co-ordinate system." 
That is not the meaning of the phrase "Cartesian polarizing beamsplitter." Instead, the 
term means that the polarization of the beams is referenced to principal material axes of 
the PBS itself , and not just " some co-ordinate system" (emphasis added) as asserted in 
the Office Action. None of Nagashima, Bryars '815, Bryars '498 and Kuijper teach that 
the polarization of the beams formed from the PBS is referenced to the principal axes of 
the PBS. The co-ordinate system defined by the term Cartesian polarizing beamsplitter 
is one that is tied to the principal material axes of the polarizer material itself, rather than 
some arbitrary set of co-ordinates as is implied in the Office Action. Accordingly, none of 
these references teach the use of a Cartesian PBS. If this rejection is to be maintained, 
the Applicants request that the Examiner provide specific evidence that these references 
teach that the polarization of the beams produced by the PBS is referenced to the 
principal material axes of the polarizer material. 

As a result, Nagashima, Bryars '815, Bryars '498 and Kuijper further fail to 
anticipate the invention of claim 13. 

Rejections under 35 U.S.C. § 103 

Claims 1,2, 4-7, and 9-12 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over various combinations of Nagashima, Bryars '815, Bryars '498, Kuijper 
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and Knox in view of Duwaer et al (U.S. Patent No. 5,146,248) (Duwaer). These were all 
been described in the response filed on January 24, 2003. 

Three criteria must be met to establish a prima facie case of obviousness. First, 
there must be some suggestion or motivation, either in the references themselves or in 
the knowledge generally available to one of ordinary skill in the art, to modify the 
reference. Second, there must be a reasonable expectation of success. Finally, the 
prior art reference, or combination of references, must teach or suggest all the claim 
limitations. MPEP § 2142. Applicants respectfully traverse the rejection since the prior 
art fails to disclose all the claim limitations and there would be no motivation to combine 
the references as proposed by the Examiner. 

Applicants maintain the arguments presented against the 103 rejections in the 
previous response. These rejections are not re-presented here in full. 

In particular, claim 1 is directed to an optical imaging system comprising, inter 
alia, a Cartesian PBS having a first tilt axis and a color separation and recombination 
prism having a second tilt axis perpendicular to the first tilt axis. This type of 
configuration has been described above with reference to claim 13, where it was shown 
that the cited art fails to disclose a system having the first and second tilt axes 
perpendicular. Instead, Nagashima, Bryars "815, Bryars '498, Kuijper and Knox only 
show systems in which the first and second tilt axes are parallel. Furthermore, Duwaer 
fails to teach any PBS, since Duwaer's system is a transmissive system, in which the 
image light at the different color bands is combined in a color prism. Accordingly, the 
proposed combinations of references fail to teach or suggest all the elements of 
independent claim 1. 

Furthermore, Applicants respectfully suggest that there would be no reasonable 
expectation of success to combine the references in the manner suggested in the Office 
Action. Modification of the systems taught by Nagashima, Bryars '815, Bryars '498, 
Kuijper and Knox to include an illumination system having an f/# off/2.5 or less would 
require that one of ordinary skill in the art know that a PBS capable of maintaining some 
acceptable level of contrast with such a low f/# was available. The problems associated 
, with using a conventional polarizer in a projection system having an f/# of 2.5 or less 
were known and are discussed at length in the parent application (U.S. 09/312,917), 
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which is incorporated by reference in the present application. Applicants respectfully 
suggest that, since the problem of how to achieve a wide angle polarizer was not known 
to one of ordinary skill, it would not be reasonable for one of ordinary skill to combine an 
illumination system, as taught by Duwaer, into the systems taught by Nagashima, Bryars 
'815, Bryars '498, Kuijper and Knox without a suitable PBS. If this rejeciton is 
maintained, Applicants respectfully request that the Examiner provide some evidence 
that one of ordinary skill in the art knew, at the time the present invention was made, that 
such a polarizer was available. 

Dependent claims 2, 4-7, and 9-12, which depend from independent claim 1 and 
further define the invention of independent claim 1 , were also rejected under 35 U.S.C. 
§1 03(a) as being unpatentable over the same combinations of references. While 
Applicants do not acquiesce with the particular rejections to these dependent claims, it is 
believed that these rejections are moot in view of the remarks made in connection with 
independent claim 1 . Therefore, dependent claims 2, 4-7 and 9-12 are also in condition 
for allowance. 

In view of the reasons provided above, it is believed that all pending claims are in 
condition for allowance. Applicant respectfully requests favorable reconsideration and 
early allowance of all pending claims. Furthermore, Applicants request immediate 
consideration of the claims previously not considered, due to the allowability of linking 
claim 13. 
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If a telephone conference would be helpful in resolving any issues concerning this 
communication, please contact Applicant's attorney of record, lain A. Mclntyre at 952- 
253-4110. 

Respectfully submitted, 
Altera Law Group, LLC 




Date: July 9, 2003 



By: 



a. 



lain A. Mclntyre 
Reg. No. 40,337 
lAM/vlb 
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CLI PPEDIMAGE= JP363039294A 

PAT-NO: JP3 630392 94A 

DOCUMENT- IDENTIFIER: JP 63039294 A 

TITLE: VIDEO PROJECTING DEVICE 

PUBN-DATE: February 19, 1988 

INVENTOR- INFORMATION: . 
NAME 

NAGAS H IMA , YOS H I TAKE 

AS S I GNE E-IN FORMAT I ON : 
NAME 

CANON INC 

APPL-NO: JP61183027 
APPL-DATE: August 4, 198 6 
INT-CL (IPC): H04N009/31 
ABSTRACT: 

PURPOSE: To miniaturize a device and to reduce a work for 
maintenance by 

inversely using a color separation optical system such as 
the one which is used 

for tri-color color separation for a usual television 
camera . 

CONSTITUTION: A luminous flux emitted from a white light 
source 23 is projected 

in a collimation lens 22 to be a parallel luminous flux and 
goes towards the 

light division face of polarization BS 21/ where S 
component are reflected/ and 

becomes a straight polarizing light. The straight 
polarizing light is 

projected in the projection face 11a of a color separation 
prism 11 and 

separated from a color component light to be projected in 
the respective liquid 

crystal display elemets 12∼14, where it is 



COUNTRY 
N/A 



space-modulated according to a 

video signal, and then reflected by reflection mirrors 
15∼17 so as to pass 

through the liquid crystal display elements 12∼14 from 
the. opposite 

direction again. And since the liquid crystal display 
elements have the 

quality of birefringence, the straight polarizing light 
face of the luminous 

flux is made to rotate to emit in propotion to the video 
signal after a round 

trip in the elements. The strainght polarizing light of 
the respective 

components are composed during retrograding through an 
optical path and emitted 

from the projection face 11a of the color separation 
optical system 11, and 

meanwhile the components obtained by rotating the 
polarizing face by 90° 

against a projected light passes through the polarization 
BS 21 to be projected 

on a screen 25 by a projection lens 24. 
COPYRIGHT: (C) 1 988 , JPO& Japio 
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U.S. Patent No. 5,986,815 (Bryars '815) 



United States Patent uoi 

Bryars 



illlilllllHlIWM 

US005986815A 
lii] Patent Number: 5,986,815 
[45J Date of Patent: Nov. 16, 1999 



(54) SYSTEMS, METHODS AND APPARATUS 
FOR IMPROVING THE CONTRAST RATIO 
IN REFLECTIVE IMAGI NG SY STEMS 
UTILIZING COLOR SPUTTERS 

[75] Inventor: Brett Bryars, Santa Rosa, Calif. 

[73] Assignee: Optical Coating Laboratory, Inc., 
Santa Rosa, Calif. 

[21] Appl. No.: 09/079,891 
[22] Filed: May 15, 1998 

[51] IntCI. 6 G02B 27/14 

[52] U.S. CI „ 3591634; 359/256; 359/637; 
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[57] ABSTRACT 

Methods and apparatus for enhancing the performance of 
reflective LCD systems. The high-contrast color-splitting 
prism system utilizes a "double -pass" prism assembly. 
Polarized light enters the prism assembly, is color-split and 
is emitted as separate colors to reflective imagers which 
reflect each color in -ccord with ?. desired image. Tbe 
reflected light is passed, once again, through the prism 
assembly where the separate colors converge and the con- 
vergent light is emitted to a projection lees for display cf the 
image on a screen. At least one zero-incidence waveplate 
compensator is positioned between one reflective imager 
and the prism assembly. The waveplate compensator effec- 
tively decreases the unwanted polarized light entering the 
prism assembly for the second pass-through, thereby 
increases the polarization purity of the light that is emitted 
from the prism assembly to the projection lens to yield a 
high-contrast projection image. 

70 Claims, 23 Drawing Sheets 
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fSpIS cl°CSo ' ^ dichroic ™ in the Oolaki 

IN ^^OTVE^r?N^^r f k ?^ ,g °? d m SUCh ' Way 35 t0 reflect ^ polarized 

u COLOR SPLITTERS components of the beam. Tbc use of more than one dichroic 

BACKGROUND OF THE INVENTION 5 l ° 3 Xpu ati ° D ° f thc incidcnl whilc Kg* into 

N v ™™ chanocls. Id a typical imaging system, two 

J nc Hcld of "w Invention dichroic minors are sufficient to separate incident white 

The present invention is directed to systems, methods and Iigbt ia \° ted * ^ bIuc color channels. The color 

apparatus for achieving enhanced contrast in reflective selectivity of the dichroic mirror is achieved by the place- 
imaging systems, such as those utilizing reflective liquid 10 mem of S* 0 ^ optical coatings upon the mirror, which is 
crystal display imagers and color splitting devices, such as a weU technique in the art for color separation. 

Philips prisms. More particularly, the present invention is In OoUki, the first dichroic mirror is aligned in such a way 
directed to systems, methods and apparatus for correcting 35 10 rcflcct tbc light of one specific color towards a liquid 
undesired depolarization by color splitting devices. The cr ystal light valve, also commonly referred to as a "reflective 
invention maximizes the transmission of light polarized in a 15 The other colors are then transmitted through the 

certain direction while minimizing tbc transmission of light first di cbroic mirror to other dichroic mirrors, which are 
polarized in another direction, thereby achieving a high CO!ilcd to iUow reflection of individual colors towards their 
contrast ratio which significantly improves the final image respective liquid crystal light valve imagers. Each liquid 
quallt y* ^ CIVS1 al Kg!* v *lve has the property of reflecting irxadent 

2. The Relevant Technology 20 u 'ghl, which in this case consists of the s-polarized "read- 

Liquid crystal displays are commonly used in rear pro- ° Ur , l ^ aloDg ^ ^ ""*M°& m ligbt from the "on" 
jection imaging systems. A reflecting type of liquid crystal P h K ^P" 1 ^ through the opposite side of the 

panel comprises an array of pixels, which when activated pancl from a catbodc ra Y tube. The light from 

works by reflecting incident light while simultaneously M f- °° pUCCls 15 of P-P° lari "tion. Tbc synthesized image, 
rotating the polarization vector of the light by 90° typically contains both the s-polarized u'ght from the "off** 

when a voltage or signal is applied to an individual pixel f ^ Md ^ P"P° lari2cd "writing" light from each of tbc 
Thus the signal or image information is contained in the light ^ ^ lighl vaJvcs pa5scs badc through the system 
which is of a particular polarization. If tbc liquid crystal towards a polarizing prism of the cubic beam splitter 

imager is not activated, then those particular pixels of the 30 ^ h ^ 0aJy pass mc P-P°Iarizcd light directly 
liquid crystal imager arc in the "ofT state, and the light mrou 8fc ™ d » final p-polarizcd image may be directed 
which is reflected from them will have no rotation oftJbc towards a scrccQ through a projection lens, 
polarization stale. The signals from these M ofF pixels should A limit ation in the quality of the performance of this 
correspond to dark spots in the final image. One aspect of the system originates from the rotation of the plane of polar- 
quality of an image in such a system is measured through a 35 iza! * on m the. polarizing prism for inddent light rays which 
parameter known as the contrast ratio, which is defined as are 001 in ao ei g c »state. Since this rotation is independent of 
the ratio of the light transmitted through the system in the on ^ state of tbc generating pixels and causes leakage 
state divided by the amount of light transmitted in the w orT of ^ in me " off " Pwcis the contrast is necessarily 
state. The higher the contrast ratio, the better the overall degraded. J ^ 

Zt¥ °! ^ ' A 6 ^ Uy Sb ° Uld projeCt a bd & 1 « COrrccls for the S^^e trical effects of a polarizing 

r ,k « °„ bC T T aghtmg conditioas * High brightness beam splitter utilizing dielectric thin films on a tilted surfaa 
ot use on pixels enhances the contrast ratio and allows the In the color image display apparatus disclosed in Oolaki' 
projector to be used in a broader range of ambient lighting each 00c of the 3 dichroic mirrors used for color separation 
conditions, i.e. a darkened room is not required. at 45 degree incidence incorporate additional thin MmUyers 

Loss of contrast through a non-polarizing color splitting 45 t0 k^lion as a compensating plate, 
device such as a Philips prism results from a combination of Miyatake discloses a similar approach to compensate for 

lion and phase differences m the coatings of reflective and Miyatake patent is to compensate for the polarizing beam 

total internal reflecnon surfaces. The geometrical effects of splitter with a quarter wave plate in the optiS p2tS 

IT^f^ptT ^oTo^^' * dClaiI iD 50 ^ rcflCCtiDg ^ ^ d dcvice'and ^^^ 

£1"^' lhc of which are hereby differences that may occur in a color splitting device such 

n^ETS DCe ' 35 f ° U0WS ^ ^" 45 3 lilled dchroic mifror o' a W»ai|» PrisoTln tne^« of 

SSh^ ™ PUrC T h ° a ° f ' mpUi Uncar, y 3 Ph,lipS Prism ' P faasc differences occur from the reflection 

^^hgptbyipolinzmgbcmispUuct.Re^proicaioo 55 at the dichroic and total in tern al reflecta nee mRhurf ac£ If 

ZSltr/TT 11 ^-^ fati0S ° f n0t 1CSS ,nCI ' dCnl ^ » "^cnt. so that the 

dark Set flSf S f£ w *£• l ^ h 7'° LS ShOWi0g 1 2% ° VCr aF " rtUre ° f lhc ^^ificaUon of L 

from t h ? ? 0%/2% - 50: V ,n ^ P^enl, white light polarization by each of these lilted surface is not uniform 

trom a nalide or xenon lamp is incident at an angle of In U S Pat No S S04 sqi k - a v 
approximately 45° onto a polarizing cubic beam splitter T*c 60 al ^'^^ t^^ ^ * ct 

polarizing cubic beam splitter reflects light Xch is of SferenL it ^ ? T 15 bC ^ y l0C0l P° nted 

s-polarizauon and transmits lighl which is o7 D^aL^ion n^l mVCDtor , has 1 atlcm P tcd * *>lvc the same 

(where s-polarizaUon refers to Ught wLh has' S rTaS ^'^S^t^ ^ ^ Col —P- a ^° 

uon vector perpendicular to the direction of propTga^n OoS^ 
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ll^i^i^r^pS'K which £ ™ "* d ^ h 7 c > l f rface f s °f ■ Philips color splitting 
also form HR surfad Yamamoto c. 7a^a2S. ',ba. S """T ^ ,0 * 
optical coatings on the TIR surfaces, whi^co^al er Ti^T^^^Tf^ 
naling layers of SiO, and TiO, have a DhaL rom^i ™ if ,k u tlDg des, g ns can be used to 
function. The dichroicoptical iatmgTuscd foj «Io^» 5 E?" ^ /.fferences offsetting, this is undesirable 
ration cooperate with the anli-reflS Valine tfl„ fffi" f ° manuf ^ nn 8 masons. The use of conventional 
TIR sZ in achieving to pba^con^ fonclTn Ce ^ ,h ° D ^ d,Chf ° ,C in a ^ 
the dichroic coating deligns anftheir s ^aJ and IK ' ha "B<* *e Polanzat.on state, thereby reducing image con- 
characteristics arc not sho^. it is sug^^t £yt£ "tenOv J? '"^ ^ C °' reUnJa,i ° n ' aod 
some phase control function; which combirxd wiu, a W '° T ^ ^^^^ P° lari2ati ° n transforms 
degree phase difference at the TIR surfa« «rnec^ for ,S P £° 26 ?- Lgh ' l ° P°^^d light. A polar- 
image degradation contributed by .be polariz^^ sp£! S ^.^r^. f*"* ^ P° larizati ° n v ~tor of 
tor. The variation of poiarizatioc . wiU, teato, 8 ^^ p ° lan * ed ■f'jj' * ^ a " uarter 
necessarily corrected for in this manner^ X^ariadon ^ T P by ° 0UkL HtWever ' eUi P licaJ P°>"" 
strocgly influenced by the angle cJepeXt «fl«^on and 15 ™T H the — e pUte^The 
phase retardance properties of the dichroic ccS combination of rotation and ellipticity of the polarization 
Optica, thin film Stings represent %3L cost ZS&^^X^^*"** 

these coalings to achieve the optimum compensating func- T^r w „i' „,,u 

uon to offset polarization effects that result from Z- . • X £ qUafter WiVC p,1,c when uscd ™th » 

collimated light incident upon a polarLSfca* ll£er ^T*. ^ Sph " Cr ' 35 U,Ughl b * » '° 

FurthermorcTc phase contS fiu^KS«SS ^ * * inSm,SS10n of Polarization compo- 

complexity and cost to the coating ZufaSg' nd ~ H T""^ ^ " onfcr to *e ^ 

trol process. The thin film thickness must be cTtroued «cb * orient "P 0 "* 1 ' ^ wave plate can be 

tha.^eproperphasef^cuoniscAtainedw,^^'^ ^Sd li^ aL^ t '° ^ ° K ° f ^ 

ant.-reflection or color separation characteristics. wh . T ^ ^ f ^P° ,lrized light, 

The polarization of light can also be modified wi.h ! ™, - a effec « lve 'y canceling out unwanted 

birefnngent materials, i.e. fma^al wbc« refxat^e Wex ° 0m P ODen,s n fOr ^ " ofi " *«* of reflec ^« 
varies as . functio^ .of direction. Birefr^ent matri^ » ^^iS v ^^^J^f*^t 

commooly uscd to form V« wave compcosaior or retardation -off" «Z T L T ■ (LCLV) imager which are in the 

plates. Quarter waveplates effectively in^L T^T tZZl L T ^ ^ mP ° DeDt U ^ ^^smittcd 

Dhase shift nf on« ; n «f ,k- i • a reiatlve through the quarter wave plate unshifted. However the 

multiple of (hence the ong^ofleS hit SL^f 00 "^ T*"*** ^ ^ ^*n?sd 

plate"), where X is the wavelet of the lioM r„! , & l rC,leC,ed ^ lbe on sUlc P""* ^ pass through 

there are three different waveplates each with different n,. - • r ' • , 

physical thicknesses calculated io be of a UjS»™ ,h mfornlaUoD from ,hc LCLV travels back 

priate for the wavelength of the particular chaSef ^ ^ ^ T tem . to ^ P 0 '"^ 8 bcam S P ,i,ter ' 

Quarter waveplates can be formed from any of the typical « s poliizS SrwhST, C . haraC,e , rist i c of reflec '^g 

birefringence optical materials Typical birefrinpent mTri^ P°l^zed light while transmitting the final p-polarized 

materiak include anisotropic aA^hSiSS ""T ^' ^ "* SCrCen - When » 

or mica, but may also bT S Z^T^f T pUte 10 P alh b*^ 0 "<=h of Ok: 

having\ pli cal anTtropy anSpy ctt ?S "r" 1 ClySla ' ' ight ^ ^ ^ Pba *» " 

obuined by stretching sheib ofS^me^teSb to fn™ h m,ag.ng systems, the contrast ratio is improved 

films. Alternatively Uquid c^sKtenaL cSToSS ^ 50 SilcTSJS^ ""r""* ' eVe ' " 10 bei ° g 

variable compensating meium in the fo™ of TuZ* ^ ° f r qUarter wave P lates » a system 

crystal cell wherein "the ^rientatTon I Zified \vZ ' meanS f ° r C ° rreC,i ° n ° f rolalions ^ the 

application of electric field. Low mo.e^we iXS STS^'^ ? d PO, I lriZin8 SpH ' ter ' S 

aiW rarrsiLt^ jt?^=^-iit -sis 

AdditiooaUy. high molecular weigh, polymers hivi£"SS ^ „ a J', ' DC ?T X, " t ( ed ^ rcference - Schmidt el 

crystal properties are known J TcaTbelormed^to c^m w otTl?^?? fOT f m °r hro,DatiC ^ aDd 

pensatmg films or apphed as discrete layers to substrates. Sos^d fT ^ UDaeiD8 - SyS,em 

As previously indicated conventional refleciv, «>«losed in Schmidt el al. works m a manner similar to the 

systems typically transmit Th, tbrouln a LuS d,sc ' ostd 4 "> . Mi ^'^- * previously described, 

element, such as a polarizing beam sS ^ hich^nS h ' ^ ; CdUC, '° 1 D ° f ^""^ dc P°'^'i°n induced 
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LCLV, an effect which resulfc 03 the dark state being lighter 5 effective as an analyzer in transmitting 5goff S to p~ 
than desired. Accordingly, Schmidt et al. suggests that ,□ jecUon lens. The contrast ratio is detenmncd by dividing : the 
monochromatic imaging systems the wavcplate compensa- transmitted light having the selected polarization state 
tor have a total retaxdance value equal to 0.27 to compensate wh,ch corresponds to the "on" pixels of the liquid crystal 
for the additional retardance, or phase delays between com- U 8*> 1 va,vc » b Y lhc amount of light transmitted which is in 
pooents due to the thermally induced birefringence in the 10 omer sUtes of polarization. This contrast ratio of the light 
LCLV - from a reflective imaging system is a measure of the purity 

It would be substantially beneficial to identify systems °J P° Iariza ^ on slatc of ^ transmitted light. The higher 
methods and apparatus for improving the contrast in any * >™*** ratio, the better the overall quality of the image, 
imaging system using reflective liquid crystal light valves . rall ° of a reflective imaging system is 

More specifically, it would be a significant improvement in is ^ °f i*t wavc P Ulc compensator 

the art to minimize and correct foTtbe rotations and elh> setter ^ 

ticity which occur in such systems that impair the oootiL fhi 2££ • * ? and J l £ ht ***** rcflcctcd ^ 

ratio by generating unwanted tcpol^Z LTatZiZ £ S^ZZ^ £3? * "* T" *2 
mg to light leakage in the "orT states of the image. S^iT JS HS? SS^'tSS 
SUMMARY AND OBJECTS OF THE ™ P 0 !*" 2 * 100 attributes. 

INVENTION V* c °P timum contrast ratio is achievable if the retardance 

It . . . ° t \ waveplate, being a function of the material and optical 

° P^ 01 uvenlion to provide systems, thickness of the waveplate, is calculated in such a way as to 
methods and apparatus for improving the contrast ratio of a compensate and cancel out the unwanted polarization com- 
reflective imaging system which utilizes a color splitter 25 P°oents for the M ofT state of the image, thereby making the 
which receives converging light from a polarized source dark cIosc 10 completely black. This enhances the final 
impinging on a reflective imager, which tben passes back una S e quality through a substantially improved contrast 
through the color splitter wbereby the polarizing source acts ^0. The optimum retardation is characterized by both the 
as an analyzer to emit a converging light cone toward a cU JP l ;c«y and the ellipse orientation, or rotation of the 
projection lens. 30 polarized incident light, being sufficiently minimized for the 

It is also an object of the present invention to provide ^ ™' ^ ° f ^ UIuminatio a system or pupil, 
systems, methods aDd apparatus for minimizing and correct- „- 6csutd "Nation is identified by calculating the 
ing for the rotations and eliipticity which occur in such ^ptoty *** orientation of the polarization vector at the 
reflective imaging systems and impair the contrast ratio by ° pupil aod mcn locatin g the retardation values at 

generating unwanted components in the polarization, con- 35 W ^ ^ eUi P licit y and orientation are simultaneously 
tributing to hght leakage in the w oflT states of the image 3t . a mmimum - ^ eUipticity ^6 elliptical polarization 

It is a further object of the present invention to provide T^"?!* ^tihed by: determining the pupil size of a 
methods for separating the incident light into 3 colors with T bght lS mcident in 10 ima S e Projection 

minimum loss of intensity at the desired wavelengths to * loczhoa mleDd «i for placement of a waveplate 

form a color image of mgh brighmess, whde simuJtaneously 40 COmi>et * alor ' determining the path of a ray, preferably a 
achieving high contrast y marginal ray; calculating the Stokes parameters; and then 

These and other objects and features of the present n^T* ^5** cUiplicaJ P°^*>o 

invention will become more fully appa^m from *e fo^w 1' ^ f ^ ,* ***** 

ing description and appended clL£ or maV £ fcJnSbv E ^ Iterabons » tbc ret ^°° are tben 

the practice of the motion as seUo^reu^^ * 45 * * T^T^ ^ ^ ™eplate 

Th. nrevn , - nf . . , . V Dercmaltcr * oriented such that the maximum brightness is transmitted 

loe present invent.on is directed to waveplate compen- for pixels in the "on" state (ie the fast or slow a*T£ 

sators having values which are uniquely optimized by iden- oriented at zero degrees with resect to TeToul 

Ufying and minimizing particular polarization attributes. polarization) P IDpUl 

r „.„ r ..„ .. "... 00101 separation optical elements having immersed dicbroic 

Co or splitters which utilize optical interference coatings 65 or polarizing interference fillers 



5,986,815 

7 g 

lional and elliptic! di8to3of7te%J&Jf to ' un ^ lanzed i *Pol»™tf "d P-polarized light at normal 

film imerfc.nL filters that are iZS C Sl^li? f r"^ 00 °° Surface 41 * of 

active color separation, dichroic mirrors, have angk - P "?„ R " 00 h fr ° m 400 Dm ,0 700 ™- 

dependent perfonnaDce and must be optimized over the cone °' U com P ue& phase difference, in degrees, 

angle of the incident light. Wheo light is incideoce at oblique belwee " s-polarization and p-polarization states in reflection 

incidence on these coatings the s and p planes of polarization for lbe «>ti-reflection coating on surface 41a for prism R at 

of the reflected light undergo changes in phase 8 It is the ue t0,aJ ""era*! reflection angle. 

£ e ?ffid e °ni '^ VeDti ° D . '° Pr °^ de diC ^ ic mi,TOrS hav - io FIC - U Ulus,rales "Bcaucc of the first triangular 

-idual leakage which ca.net be cTe^ for J 2 SSSiTz? " ^ ^ * " ^ 

compensating plate is removed by an auxiliary filter element 15 nri „ nhlcf " (K . ^ 

without compromising the brightness of each color channel, J.™ dtffe ^nce, in degrees, 

thereby maintaining their balance color fidelity Between s-polarization aod p-polanzation states for reflected 

■ „, • _ and transmitted light for the dichroic coatine on surface 41 h 

BRIEF DESCRIPTION OF THE DRAWINGS of prism R in Fic!l. E ° " 41 * 

In order that the manner in which the above-recited and 20 FIG. 14 is a plot of the ellipticity and orienUtioD of the 

other advantages and objects of the invention are obtained, polarization vector at the marginal ray location for a wave- 

a more particular description of the invention briefly plate compensation having relaxdance values raiigirjc from 0 

described above will be rendered by reference to specific to °-5 at an orientation of 0° with respect tothe input 

embodiments thereof which are illustrated in the appended polarization state. More particularly, FIG. 14 plots the 

drawings. Understanding that these drawings depict only 25 relevant values as the green light passes through the second 

typical embodiments of the invention and are not therefore triangular prism G of the Philips prism as in FIG 1 liquid 

^^ OT ^ CrcdtotetoiUDgofite ^^ wci ^ emion ^ u CrysUl bght valvc U0 Md w * v eplate compensator 100 

be described and explained with additional specificity and locat ed therebetween, which has incrementally varied rctar- 

delail through the use of the accompanying drawings in dation values. 

W n? i a ^ ^ - 30 FIG. 15 relates to FIG. 14 and is a pupil map of the 

rio. i depicts a schematic representation of a reflective polarization state through the second channel, the green Iicht 

imaging system utilizing the inventive waveplate compen- channel, without a compensator plate. 

^Fir 7 ;< , ^ r Ha 16 rcUtcs to FIG. 14 and is a pupil map of the 

MO. 2 is a schematic perspective view of a simple BK7 polarization state through the green light channel with a 

pnsm depicting a pupil and a marginal ray traced for 35 compensator plate having a retardance value of 0 20 

cllipucity and orientation calculation. Fir. 17 ;n„c„..~ .u t . 

ftp .1 uu "* I 7 illustrates the calculated reflectance for 

Jwn "5 nrf^ ° f thC * m * le BK? un P°^^ WUaad and p-polarized light at 45' angle of 

£Um2 *P1«"8 * P^P; 1 » d * ray traced incidence of the anti-refleaion coatings^ surfaced o 

for eUipQcity and orientation calculation. prism G in FIG. 1, from 400 nm to 700 nm 

fa 1 coot ugle upd 10 F/2.8, «*ich is cquivaJcDi u> W ' of iociAoos of 10.25*. 
ui air. 30 _ 

Fig 7 is , nim .n. .ir 20 Ulustr * ,es Ph«e difference, in degrees. 

n„i. a.' I P ? eUipucity and onentaiioo of the between s-polarization aod p-polarizatioo sUt« for refiS 

plate compensator having retardance values ranging from 0 of prism G in FIG 1 

^tll^Si^^p^J-ff » Eg.? -P>o«of meelUpUcit y and orientation of the 
evant values as the red Ugh. p^s thrn^h £ L, ,n7 P° lln2al '°° v «'°' >' «he margin^ ray locaUon for a wave- 
gular prise R of the ^ p^ sbownln HG T Sd f ' a '% CO[ °P ensa,or havin 8 re '^« values ranging from 0 
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*Tof £ «e^ . ™ » -Pi- » exemplary embodiment of ft. present 

cormal incidence for unpolarizcd ligb, bom W C *W o^llh. "T**" 00<UraS, rati0 ° f « Phd, > s 
nm. 8 Ml ° W P nsm assembly, .used in a reflective LCD rear projection 

.. system. Although the embodiment shown in Fir. i 

^^dSm^ E 5 PhT^ V* of a reflecLtc^s^usi: 

rRLFERRED EMBODIMENTS Philips pnsm, ,t will be appreciated that this is an example 

ine present invention is directed to systems, methods and wnjcb a illustrative and not limiting 

apparatus for improving the contrast ratio of a reflective The system shown in FIG. 1 receives inmii iil,, m ;„„;„ n 

compensators. The wavepUte Zpinsau T^LSZ " 7 ^ ^ ^ & ° m 10 » 

transmission of Ugh. pian^Tthe -on wht ^ \^*™* ^^nct 20. The light preferably 

minimizing the transmission of light polarized in the "off is ,h ™*« h a ^ '"''"'g ««er or a notch filter 12, which 

state", thereby achieving a high comrast ratio which sL,M If- dea ^ M \ a & cita det ^ bereinbelow, before being 

candy improves the final image quality. directed to polarizing beam splitter 20. 

Light entering a reflective imaging system of the present u M showD » me ** Preferably directed to the polarizing 

invention passes through a polarizing device such as a beam s P liller 20 M convergent light and then to a Philips 

polarizing beam splitter which delivers polarized light, such M type of P" 501 assembly 30. It is also possible to have a lieht 

^,t P ° ^ 10 * ° olor s P ,i " er - color spUBer, so " rce directing light to a polarizing beam splitter *Ta 

such as a PhJips pnsm, separates the polarized component colLmated beam which then passes through a convergent 

of light into the three primary colors. S-polarized blue light, lens ( n °« shown) located between polarizing beam splitter 20 

s-polanzed green light and s-polarized red light exit the »»» ph *PS prism 30. Such a lens is an example of coover- 

coior sputter at three separate locations and are output to „ g ent Iens means for converging light. The benefits of the 

UJree reflective imagers, such as liquid crystal light valves. P" 55 " 1 invention are, however, particularly appreciated 

f'h K t T Ve , L" 11 " 8 " woduhles ^ polarization state of wb en convergent light is utilized. The present Lention 

!!? i i V prm, *° r cok>r Ugh,s aod rcfle «s the corrects {ot both rotation and ellipticity which result when 

modulated light back into the color separation device in convergent light is used while coUimated lieht eencrallv 

accord with a desired image such that the light is "double- M introduces only rotation. 

««?r splitter. Accordingly, if a polarized Polarizing beam splitter 20 is an example of a oolariznr or 

a cX ? r , Tl-T • 35 VP ° lariZed ^ iDitiaUv en,ers * P° lari2iD 8 me4ns f <» Polarizing 1^ such SlTrLs 

T.^f " Cr * ^^Rh' « returaed lo the color spliltcr in the polarized component of light in a\Tpol!^,£n stated 

on state as three primary color lights which are transmitted. Another enmSe of .sutobte oKi^£ 
p-polanzed. Th .color splitter ifcec outputs a divergent cone 35 « a po.arizmg cubic betTspUtte, vS^^ZZZ 

of p-polanzed bght which passes through the polarizing 20 transmits light of one type of w lSo„ r e X?t 

£££ 22 ,be ° ^ ^ 3 ™ P-|»'^ U gS for Uie ^I^iTui S 

Conven^al color splitters vimially always introduce -#2^^ 

Z Jt , i T *° COaUDg C ? eCtS - WbeD emitted by S-polanzed light refers to light which has its polarizau^n 

£ * ' ^ P ° rt,0D ° f ^ li8bl bas Po'arizauoi vector perpendicular to the plane of incident Xre« 

properties different Uua the desired polarization state and. P-polarized light refers to Ugh. which h^SbSK 

thus, the presence of this bght decreases the contrast ratio of vector lying in the plane of incidence ^ ° 

system ,s enhanced with a wavepla.e compensator £1 est. Since other color spli. te "Tre JSbkfor Lh 

sp 0 £rto,r er< r T p V li8hl being ,ransmil,6d from ,he ^ ^^^ocu» W«3^'ff 1 ^ , 3i5 

£ e fl e « 6 T?" U8hl ^'"S feflec,ed from chaDDels ' lhc Prism should not £ wns^eT L 

the reflect.ve unager to be mputled for the second time into 60 limiting. 06 consln,ed 45 

Uie color spinier. The waveplate compensator is formed Philip „„™ in 

from a material and has thickness which are selec Jdwfth P ? compnses a first triangular prism R, a 

reference to minimizing paSr pola^iot H °^ Ur ° aod ^ q«»drangular prism B. 

utilrzc less cooventiooai dichroic coating coofigurations 
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normal inc.dence. through incident surface 4U Incident pernor 120 is unnecessary in Ok s S^l^ffi T" 

coaUng 42. The .ocident beam travels through the prism R compensator is in a light or optical 1 oath between r£ 

un til it encounters sphttmg surface 416, which is coated with respective exit locations or erit Lrfaces 4fc 

a dichroic coating 44 Dtchroic coating 44 is designed to and the respective liquid ay^XStoa* SSlt 

have particular spectral response and phase characteristics to such tbat^here axe .hre7«mp1eL Sr^^e^ ^' 

^ffi^^^**-"^ -0 wavep'atesmay he XT^Jy™^ 

Ue^ofdictroiccc.ungsare.nownin.earuand SS£ &^^Utc^ 

serve the purpose of reflecting light of one predetermined be.weeo the reflective imager indite »k 

St ,°h f ^ f ° f eXUnple) wUe "^'ting or may be buried in a prism compoSem 8 P ' 

Srot tig 22 ^^SX^JZ " ts^ °, f ~ * ^ » «^ 

passes out of prism R through exit £rfa« 41c which fa 7* ^ mformation which ^01 form 

coated with an antireflectkTcoatLr^Ton 1 enfnW 20 ^ ^ ^% fw ^« ^ * !»• Some of the 

surface. The light then ente* %Z&££j£m gta*«j^oH™«h, Uquid crysUl light 

Second triangular prism G has an incident surface 51., , ^l3^ SLXSSfcS 

reflectmg surface Sit and an exit surface 51c Incident vies are examples o r^lc o^SeS 

dichroic coating 54 is formed on rTfle«in E S urfa« 51fc 35 C0 ™ Sp0nd ! Q 8. compensators 90. 110, and 130 

... , f , wmpcnsaior so ana " 130 which change (be poUrizine state of the n-fWt»l 

Any conventual infrared blocking coatings, an.i- light in accord with f desired S Tb^reflecTed S U 

which is hereby incorporated by referent ^Jf^-H £ t > uarter wave P la,cs arc particularly 

dichroic coatings forth in ^ ? ""^ *> sten5 

application Ser. No^9/OT9 991 ^^STtSki™ nv ^ f "* 454 Phai »* k prism which is non-pollrizing. 

Displays and filed by Stephen D Brownine Paul M iTf, « reBeclwa a"* 3 *- The polarization in such complicated 

bvre and Basil Swaby cona^cnUy he3 Ac cutlet^" T ] CmS ^ * corrccted ™* • quarter wave 

of which is hereby incorporated by Snt ? ^ 35 hC P° la ^ a ^ n 15 001 stated. The polariza- 

j rporaiea oy rcterence. 1100 vecl0 " can be shifted, or rotaled. off axis each lime the 
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light goes through the multiple layers of the dicbroic coat- The waveplale compensator is preferably oriented «• 

components of tbe beam as they progress through the optical oriented parallel to the desired input poKta SSf£i 

media, which yield a degree of off axis components in the the reflective imager. More speV^Sly eaST llveS 

polarization. Such a complicated color splitting arrangement 5 compensator is oriented in such a manner that when the Lht 

transmits light with a residual ellipticiry and off-axis rota- «, for example s-polarized, the s-polarized component 

Lions of the polarization planes which yields unacceptable remains unshified while other components are shifted by a 

contrast without some mechanism such as the inventive specific amount in one pass. The change in shift is deter- 

waveplate compensators. mined through the equation A<J>-2ji An(d/X); where A$ is the 

Accordingly, the waveplate compensators are necessary " phasc shifl illcuJTcd in onc through the waveplatc 

to adjust for norjuoiform changes in the light as the light is compensator, An is the difference in the refractive indices of 

incident upon the many reflective and transmissive surfaces tW ° °P lical ats of waveplatc and is characteristic of 

in the imaging system. The inventive waveplale compensa- ltS bm:fill fi eDCC » d is the physical thickness of the waveplate, 

tor effectively reduces unwanted polarized light entering the ^ ^ * Ne wavelength of the light, 
prism assembly for the second pass-through and thereby U V 1 ? prcscDt invc °lion suggests that optimum contrast 

increases the polarization purity of the light that is emitted rado * achi evablc if the relardanceof a waveplate is selected 

from the prism assembly to the projection lens. The value of SUcb mal **** unwanted polarization components for the 

the waveplate compensator is selected to effect a predeter- " oflr of ima 8 c are substantially eliminated or 

mined phase difference to retard, and thereby substantially diminished As a result, the dark state is close to completely 

eliminate, that portion of the inputted light from the reflec- 20 black substantially improves the contrast ratio, 

live imager that is incident at an angle to the plane of mcrcbv enhancing the final image quality, 

polarization of the color splitter, i.e., light that is not in an Sucn benefits are achieved by retarding light by a wave 

eigenstate of the plane of polarization of the color splitter. In vaJuc at wbicn 00111 & c cllipticity and the elliptical polar- 

this manner, the portion of light inputted from the reflective ization orientation of the light are approximately at a mini- 
imager that undergoes depolarization is substantially 2S mum. Tbe value at which both the ellipticiry and the 

reduced such that the contrast ratio of tbe reflective imaging elliptical polarization orientation of the light arc approxi- 

system is gready increased and the outputtcd convergent lately at a minimum is referred to herein as the polarization 

cone of light is substantially entirely composed of light rotation elimination retardance value. After the polarization 

having the selected polarization state and a high-contrast rotation elimination retardance value is identified then a 
projection image is achieved. 30 waveplate compensator can be obtained which has a retar- 

Statcd otherwise, since certain optical elements such as daDCC t0 reUrd light by a wave value which 

polarizing beam sputter 20 directionally modify the skew corresponds with the polarization rotation elimination retar- 

rays comprising a first polarized component of light it is dancc valuc - Selecting the retardance of the waveplate 

necessary for the waveplate compensator to then modify the compensator involves selecting a birefringent material and 

polarization slate of the skew rays passing therethrough As 35 identifying the thickness necessary to yield the desired 

a result of utilizing such a waveplate compensator, a second rcUrdancc - 

component of light having a second polarization stale enters ° DC raclhod of identifying a wave value at which both the 
into Philips prism 30 with each skew ray having a second cUi P ticit y ™d orientation are simultaneously at a minimum 
polarization vector substantially orthogonal to the first polar- evolves calculating the eUipddty and orientation of the 
ization vector of the respective skew ray. 40 polarization vector at the edge of tbe pupil. The calculations 
The waveplatc compensators arc composed of a birefrin- ba f d u on lbc Principle that the cllipticity and orientation 
gent material, usually an anisotropic crystal such as quartz, Ca °. y corrccted "perfectly" at one point in the pupil or 
calcitc, or mica; however, certain types of organic polymeric mcidcot «y "gte- The pupil is a two dimensional cross- 
plastics which have different indices of refraction for dif- lDe ^ dimensions being the spatial coordinates of 
fcrcnt crystallographic axes are also suitable 45 p perpendicular to the direction of propagation of the 
A preferred form of a waveplate compensating material is ^ ° f ' 0000 ° f !ight f The invention utilizes the extreme 
stretched organic polymer film due to its lowest and ease pUpd sometimes referred to as the marginal ray. The 
of obtaining tbe film with different retardation values T^A 7? n Y ^ ^ ,hc Point to 
However, such films typically have a surface that is largely 1 g \°™' P ^ 1 ^ A mar S mal a > * 
unsuitable in this application since it wuE £ 5 ° k ^ * 111 ^° ^* FKJS. 2-4, which are 
distortion unless the resulting compensator is attached to the I SUDP ° 1°^ mlCnial rcflcclion P™*. « dis- 
color splitting means, such as the exit surfaces of tbe prism ^ * 1 dcUU ' 
and is also substanually separated from tbe image plane ' , , mar & mal rav 220 or P U P*1 point is used for the 
The waveplatc compensator may also be liquid crystal « ^™ lat ! ons ' ,l f ou ^ bc understood that other rays within 
materials in the form of a typical hi id aSJ^USS T ? °7 ^ * OD ^er conditions 
Additionally, a liquid crystal material can be tmS^d c T ^T* J ^ 4 Wb,Ch * ^ discU55cd ta 
into a solid after the appropriate ««»lecS.r or£S 7h * T r f P ? y ^ and 
been achieved. n* can be done with a ^SSh^ oncn ^°" ch ^ c asingleTTR surface. Tbe calculations 
liquid crystal side chains or pholopolym^ m f^? ? mathcm ^ descriptions of polarized 
tal molecules. R ^ 60 h & u For c "mplc. the possible sUtcs of polarized light can 
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representation is thoroughly described in "Ellipsomelry and The ray tracing programs perform the aforementioned 
Polarized Light" by Azzam, which is hereby incorporated by calculations for every interface in the optical system for each 
reference. of the user defined rays. The intensity and polarization of 

Polarized light may be conveniently described by resolv- each ray is calculated sequentially as it is modified by each 
ing the components of the electric field vector into an x and 5 interface and material through which it traverses in the 
a y component, z being the direction of propagation of the calculated optical path. Additional details on these procc- 
tight beam. Rotation can be parameterized in terms of an durcs and algorithms can be found in the operation manual 
angle in the x-y plane by which the polarization vector is for "CODE V" dated August 1997, for version 8.20, which 
rotated from its initial orientation after light passes through k hereby incorporated by reference. The ray tracing program 
some medium or undergoes reflection at an interface. The 10 k ^d in this invention to calculate the phase rctardance in 
orientation of the polarization vector after it passes through transmission and reflection at each interface as well as the 
a system can be calculated by following, the rotations of the intensity, in reflection and transmission for each polarization 
electric field vector through this system. direction. The rotation, elliplicity and intensity in the w on" 

In conventional notation a perfectly monochromatic elec- aod Mofir stales m calculated for a plurality of skew rays 
trie field vector is comprised of two orthogonal vibrations 15 wbich rep"** 01 me marginal rays, at the periphery of 
independent of time with a form illumination cone, and rays having various intermediate 

angles between chief ray and marginal rays. 

Repeated calculations are then made with the ray tracing 
program to optimize to display brightness and contrast The 
20 first step is to construct an analytical model of the optical 
system. Thin film designs for the anti- re flection and dichroic 

where |Ej and |EJ are the electric field amplitudes and b be opUmized using a commercially .viable 

j a .u ' u c i_ ^ ^ , , thin film design program, examples of which are 

and S are U* phase components of the wave Ustng this O0 ^ a J A ^ f availaWe & P om Software Spectra 

definiuon, the Stokes parameters or vectors can be recast as: u , DC of Port ^ Qreg ^ ^ fa nG 4 , pI J£ of 

s 0 -£, J +£/ skew rays, preferably twelve skew rays, including the mar- 

7 2 ginal rays which have the maximum angle of incidence as 

Si-Em -E y defined by the optical systems f#, are used in this simulation 

Si-TEfy com a along with the chief ray, which is parallel to the optic axis. 

30 When the thin film coating designs are specified for each 

S3-2£V£ r sin a surface (along with the refractive index of the thin film 

where A-6 y -6 x and is commonly known as the phase materials and the other optical elements and the polarizing 

difference. With this formulation, a ray can be traced through characteristics of the liquid crystal light valve in the M on w 

an optical system containing thin film coatings, total internal **** " oflr states) the ray tracing program can calculate and 

reflection surfaces, and polarization components using stan- 35 dis P ia y the elliplicity and rotation for all the specified rays, 

dard techniques as referenced herein or with commercially Optimum values of thickness of the waveplate can range 
available software. To find the elliplicity and orientation of anywhere from 0 to half of wavelength or \tl and will vary 

the resulting polarization ellipse given the Stokes vector at from svslcni 10 system. After the elliplicity and orientation 

the output of the system, the following equations are Dave bccn calculated for intervals of a wavelength, it is 

defined: 40 preferable to graph the calculated values of the elliplicity 

and rotation of the polarization for a particular system as a 

OrieniatiDo-cx-HarctanCSj/j^ function of retard an ce. Examples of such graphs are shown 

Ellipiu*iy-<^vwc 8 in^ b FIGS * 7 > 14 ud 21 - ^e value where the elliplicity and 

rotation both intersect the abscissa, in other words, when 
After understanding that the orientation of the polariza- 45 both are simultaneously equal to zero, then the corrcspond- 
tion vector is described through an angle a and that the ing value of rctardance on the abscissa is the optimum value 
elliplicity is expressed through the parameter e, then a and of the waveplate for a particular imaging system, 
e are calculated with a retarder orientated at 0° with respect The waveplate value is separately calculated for each 
to the input polarization in double pass through the prism. color channel as each color channel could require a different 
The retarder vahie is varied between 0 and OS wave and a 50 waveplate. Specific examples of identifying the ellipticity 
null configuration for both orientation and ellipticity is and orientation minimums for separate channels are pro- 
located to determine the optimum value of the compensator. vided by Examples 2-4 which correspond with FIGS. 5-12. 

These calculations can be done by hand, or alternatively, The optimized retardation value for a compensating plate 

one may input the parameters in the above equation into a is found in two stages. In the first stage a marginal ray is 

suitable computer program since such calculations can be 55 corrected to remove rotation aod ellipticity. This is done by 

tedious for systems that contain up to hundreds of layers of modeling an additional compensating element in ibe ray 

optical materials of varying composition. In addition to four tracing program having a variable retardance. The retar- 

Stokes intensity parameters, there are other methods of dance is sel at finite values from 0 to 0.5. By plotting the 

mathematically describing polarized Light which can be rotation and elliplicity for the marginal ray for each of these 

utilized to calculate and describe ellipticity and orientation. 60 finite rctardance values it is possible to identify a first local 

These include but are not limited to the Jones vector and minima wherein both the ellipticity and rotation are close to 

coherency matrix representations. Software programs such zero. 

as "Code V", which is produced by Optical Research The object of the simulation is to optimize the contrast 

Associates of Pasadena, Calif., and is utilized for optical ray and brightness of the display. In this second stage of 

tracing using the Jones calculus to propagate the light 65 optimization, the relative intensity of the all the rays are 

through the system and to then calculate ibe Stokes vector calculated aod summed to give an integrated intensity over 

from this information. ihc cone angle, which will be proportional to the observed 
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brightness of the actual image in the "on" slate. Tbe contrast 
is determined as set forth bereinbelow. 

Brightness-! of the intensity of each ray in the u on w state 
across the applicable wavelength range. 

After making the identical calculation for the "off* state, 
the contrast may calculated as: 

Contrast-X of the intensity of each ray in the "on" state/Z 
of the intensity of the ray io the "ofF state 

Another method of identifying the optimum retardance 
value of the waveplate is to plot measured or experimentally 
determined values of the ellipticity and rotation of the 
polarization for a particular system as a function of retar- 
dance. This can be accomplished by measuring the Stokes 
parameters with techniques known to those skilled in the art. — 
While it is possible to obtain tbe data required to calculate 15 DU P a in ^ x * z P laDe 

«u_ ii: i r . . . _• . <• ... » . . t* : . • i 
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vs. the angle at which total reflection occurs, for a substrate 
having a refractive index of 1.52. While rays parallel to the 
optic axis undergo reflection at 56° resulting in a phase 
difference of approximately 30°, the phase difference of 
skew rays in the y-z plane will vary from 28° to about 32°. 
The s-polarization and the p-polarization vectors for skew 
rays lying in tbe x-z plane differ from the respective 
s-polarization and p-polarization vectors for the chief ray 
and rays lying within the y-z plane. The phase difference on 
reflection at the TIR surfaces in FIG. 3 will be compounded 
for the rays in the x-z plane according to FIG. 5 t resulting in 
a net change in the polarization state varying with the angle 
between the skew rays and tbe z axis, of the optic axis. The 
greatest change occurs for a marginal ray at the edge of the 



20 



Tracing a marginal ray at the edge of the pupil as shown 
in FIG. 2, the Stokes parameters can be calculated as 
provided bereinbelow in Table 1. 

TABLE 1 



the ellipticity and orientation experimentally, it is preferable 
to obtain the data through calculations. 

The waveplate compensators disclosed herein are 
examples of waveplate compensator means for retarding at 
least one of the three primary color beams to achieve a 
predetermined phase difference. 

As mentioned hereinabove, it is preferable to direct the 
light through a color tuning filter or a notch filter as shown 
in FIG. 1 at 12. Notch niters are especially useful in the first 
color channel, such as the red color channel, described in 
conjunction with first triangular prism R as the reflection 
angles within the prism arc relatively extreme. Such notch 
filters arc examples of notch filter means for tuning the 
wavelength ranges of light transmitted by the polarizing Using these parameters in the ellipticity and orientation 
means to the color splitting means. More specifically, the 30 equations as set forth above based on the Stokes parameters 

□Otch filter meant reflate inn'rUnt^l MnUt cms*h tU*.* tk. i:~u. vielrfc an nrv»nt ali'nn nf ft 1fYX° * n A « n .li.'.i.Vt.. - c r\ /v-ir» 





ST 0 


ST, 


ST 2 


ST, 


Input Polarizaiioo 


1.00000 


-1.00000 


0. 00000 


0.00000 


Piiim Gntrtnoe 


0.95536 


-0.95536 


0.00000 


0.00000 


TIR Surface 


055536 


-0.77473 


-0.55402 


-0.07460 


Priam Exil 


051278 


-0.87294 


-0.25702 


-0.07140 


Image 


0.91278 


-0.87294 


-0.25702 


-0.07140 



notch filter means reflects incidental light such that the light 
entering the color splitting means has selected wavelength 
ranges. 
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EXAMPLES OF THE PREFERRED 
EMBODIMENTS 

Examples are provided of the present invention in order to 
provide specific models for identifying the optimal wave 
relax der material and thickness in accordance with the 
present invention. Examples 1 and 2 do not involve the use 
of a waveplate compensator but are included to provide 
examples of rotation and eUiplicity. Examples 3A-3D arc all 
related to a projection system as shown in FIG. 1. Examples 
3A-3C set forth the properties of each respective color 45 
channel. Example 3D details a notch filter as shown in FIG. 
1 at 12 which is used in the system detailed in Examples 
3A-3C. 



yields an orientation of 8.203° and an ellipticity of -0.039. 
A polarization pupil map is shown in FIG. 4 which graphi- 
cally shows the resulting ellipticity and orientation change 
of the total internal reflection surface. The polarization 
35 vector for skew rays which have a relative x axis pupil 
displacement of zero is not modified, while the maximum 
polarization vector rotation and cllfpticity occurs for skew 
rays on the relative y axis pupil equals zero, when the 
relative x-axis pupil is -1 or 1. 



Example 1 

FIG. 2 is a schematic perspective view and FIG. 3 is a 



50 



Example 2 

FIG. 6 provides an example wherein the prism in example 
1 is replaced by a polarizing element tilted at 45° in the 
optical system having an illumination cone angle equal to an 
f# of 2.8, which is equivalent to 10° air. Tbe polarizing 
element does not comprise any interference coatings. Thus, 
it can be seen that a polarizing element, such as is disclosed 
in U.S. PaL No. 5,549,593 issued to Ootaki, only causes 
rotation, and not ellipticity. 



schematic side view of a simple BK7 prism used as an 
example to determine the orientation and ellipticity in accor- 
dance with the methodology described hereinabove with , lluuu ^ t Jrt _^ ^ rcialc [Q , 

reference to the Stokes parameters. FIGS. 2 and 3 depict a 55 single exemplary system, each example highlights tbe char 

tnlal internal ri»Hpr1inn nncm *t *}fU\ . tiA a • .-_ - . °^ 



Overview of Examples 3A-3D 

Examples 3A-3D are aU related to a projection system as 
sbown in FIG. 1. Although, Examples 3A-3D all relate to a 



total internal reflection prism at 200 and a pupil at 210. A 
marginal ray traced for ellipticity and orientation calculation 
is shown at 220. The chief ray is sbown at 230. It should be 
understood that other rays within the pupil may also be used 
depending on other conditions such as pupil uniformity. 

The calculations were based on an incident converging 
light entering tbe prism with a 10° cooc angle (F/# 2.88), 
striking a total internal reflection surface tilted to 56°, and 
then exiting the prism at exit surface 202. It was assumed 



acteristics of separate portions of the system. 

The benefits of utilizing a reflective imaging system as 
sbown in FIG. 1 with a waveplate compensator of tbe 
present invention and the same system without a waveplate 
compensator are compared in Examples 3A-3C. Each of the 
color channels, red, green and blue, are separately described 
respectively in Examples 3A-3C. Example 3A describes the 
properties of the red color channel of the system with 
reference to FIGS. 7-13. Example 3B sets forth the prop- 



..... . • ~~ iiv*sj. /-w. i-A«uupjc jd acis ionn roe prop- 

Uiat the pnsm surfaces had no coatings, so the transmission 65 ertics of the green color channel with reference to FIGS 

losses were due to Frcsnel reflection losses at lb* input and 14-20. FIGS. 21-22 relate to the blue color channel 

output faces. FIG. 5 depicts the variation in phase difference described in Example 3C. Example 3D details a notch filter 
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or color tuning filter as shown in FIG. 1 at 12 which is used through the display system. Tbe resulting polarization state 

in the system detailed in Examples 3A-3C Example 3D is a combination of the dicbroic coating antire flection 

described the notch filter with reference to FIG. 23. coaling and total, internal reflection surfaces in the channel. 

The rotation and ellipticity which results in each color A system with infinite contrast ratio would have no ellip- 

channcl are shown before a waveplate compensator is used. 5 Uc j ty and an angle of rotation of zero degrees. In this case, 

The results are then compared when a waveplate compen- there is a significant ellipticity and orientation at the edge of 

salor is utihzed which has been designed to have an optima] the pup a at the extreme relative pupil positions. T^e contrast 

re ar nee. spectrum, a color tuning filter, dichroic 

Examples 3A and 3B detail tbe optical properties of the coalings, standard anlireficctive coatings and photoptic 

thin fikn materials, the thickness of the thin film layers and « weightiDg was 50:1 Note> ^ ^ 0 f oric ntation is 

the order of deposition of each antireflection coating and oppositc ^ of ExaxDpIc 1( ^ m ^ ^ 

dichroic coating respectively located on Prism R and Prism ^ m nG . 4 , aod sli hu j whUc ^ fa 

G of the Philips prism depicted in FIG. 1. The sequence and considerably lareer 
thickness of the deposited materials are provided in Tables 

2-5. These coatings arc merely exemplary of antireflection 15 Insertion of a waveplate compensator having a relardance 

coatings and dichroic coatings which may be utilized as any value of 0.20 produces a pupil polarization map as shown in 

suitable antireflection coating and dichroic coating may be FIG. 9. When tbe 0.20 waveplate compensator is utilized 

utilized. with uniform spectrum, a color tuning filter, dichroic 

The phase difference introduced as a result of each coaling coatings, standard antircflcctivc coatings and photoptic 

is charted for variation with wavelength. More specifically, 20 weighting, the contrast was 678:1. 

the phase differences introduced by the dichroic coating and _ . 

antireflection coating on Prism R are shown respectively in TabIcs 2 and 3 P rovidcd hcreinbelow provide the thick- 

FIGS. 11 and 13 and the phase difference introduced by the DCSS of ^ ^ ^ Iavcrs and lbc ordcr of ^position of the 

dichroic coating and antireflection coating on Prism G are antireflection coating and dichroic coating respectively 

shown respectively in FIGS. 18 and 20. Additionally, the 25 locatca * on triangular prism R at 42 and 44. FIGS, 

spectral performance of these coatings as a function of 10-13 illustrate the key characteristics of the optical per- 

wavelengths are also charted as shown in FIGS. 10 and 12 form an ce of tbe resulting filter for prism R over the range of 

for Prism R and in FIGS. 17 and 19 for Prism G. visible wavelengths from 400 nm to 700 nm. FIGS. 10-11 

Furthermore, the phase difference variation with angle of related to tbe antireflection coating and FIGS. 12-13 are 

incidence for a total internal reflection surface is also pro- 30 related to tbe dichroic coating. The antireflective coating 

vided in FIG. 13. Using the data provided in Examples deposited on surface 41a to yield coating 42 was formed 

3A-3D, one skilled in the art can calculate the optical from alternating layers of Ta 2 0 J (H) and Si0 2 (LJ. The 

performance of these interference filters at different angles coating is applied with tbe material at the top of the column 

to determine tbe optimum correction for a particular iUumi- in Table 2 next to the incident medium and terminates with 

nation system by utilizing the technology disclosed in this the material at the bottom of column next to the substrate, 

application. Thc pgfoctive mdcx of tbc faigh m6ex matcria j ^ lbc Iow 

A system as shown in FIG. 1 and configured as particu- index material (LJ, the incident media and the substrate 

larly set forth in Examples 3A-3D yet without waveplate were 2.13, 1.45,1.0 and 1.52. The thickness of material is in 

aZ^A^ 3 "T*" rali ° ° f <° Danomcl ^ (on* I* sequence and thickness are provided 

about 30:1. As set forth herein, utilizing waveplate compen- m T ao i e 2 

sators typically increases the contrast ratio by at least one 

order of magnitude. However, the contrast achieved is also TAR . 

dependent on the coatings utilized, the illumination iAHLh 2 

spectrum, the use of a color tuning filter and whether 
photoptic weighting is included. Photoptic weighting was 
assumed, as was the use of a uniform illumination source 
and a color tuning filter with two notches. 
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Example 3A 
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Example 3A and FIGS. 7-13 are related to comparative 
data for red light passing through a color channel such as the FIG - 10 provides tbe spectral performance of the anti- 
color channel defined by first triangular prism R, waveplate reflection coating 42, at normal incidence, as used on surface 
compensator 80 and liquid crystal light valve 90 and also ^ on prism R. FIG. U provides tbc resulting phase 
light passing through thc same channel without the wave- 55 difference over the same wavelength as in FIG. 10 at the 
plate compensator. Tbc dicbroic coating used to select thc triangle. 

SvSSil o^T^T COl ° f ' ?' dichroic cc^g cicposi^ on surface 41* * yi c.d 

CTr , * . , f L „. . . coating 44 was formed from alternating layers of Ti0 2 (H), 
FIG. 7 is a plot of the cllipiicity and rotation values for Zr0 2 (L) and Si0 2 (L,). The coating is applied with the 
rctardcr values ranging from 0 to 0.5 of a rctarder at an 60 material at the top of tbe column in Table 3 next to the 
orientation of 0 of a ray. R4, having a wavelength of 630 incident medium and terminates with thc material at the 
am. As the plot shows, tbe ellipUcity and orientation both bottom of column next to tbc substrate. Thc refractive index 
have a minimum when the retardaoce value is about 0.20. 0 f thc high index material (H), tbc low index material (L), 
FIG. 8 is a pupil map of the polarization state through thc . thc other low index material (L,), thc incident media and thc 
first channel or thc red light channel with reference to the 65 substrate were 2.45, 2.00, 1.45, 1.52 and 1.00. Thc thickness 
particular configuration described in FIG. 1, however, with- of material is in nanometers (nm). The sequence and thick- 
out a waveplate compensator. This represents the "orT -pixel oess arc provided in Table 3. 
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atxJ contrast image. This filter, for the red channel, has a pass 

TABLE 3 or low reflection region from 450 up to 580 nm where a 

transition occurs to a "stop" or high reflection wavelength 
range. In the preferred embodiments of this invention, the 
5 wavelength range of the transition region is narrow and the 
reflectivity is as high as possible in the "stop" region and 
zero in the "pass" such that the red image channel informa- 
tion docs not receive the contribution from corresponding 
pixels in the green or blue channels. Furthermore, the 
io coatings are ideally non-polarizing at the angle of incidence 
for the nominal rays. Accordingly, the s and the 
p-polarization components of transmitted light should over- 
lap starting at the transition region continuing on through the 
"stop" band. Optimizing the non-polarizing characteristics 
15 results in the maximum display brightness. Both the 
s-polarization and p- polarization stales must be reflected to 
exit the prism and be transmitted by a polarization selecting 
element for projection to the viewing screen, therefore, the 
average transmitted intensity is proportional to the product 
20 of the s and p reflectivities at a given wavelength. Several 
design methods can be used to achieve non-polarizing 
dichroic coatings, however, the non-polarizing characteristic 
is limited to a fixed angle of incidence. In practice, the 
system must be optimized to deal with the range of divergent 
25 angles. This requires a compromise between two character- 
istic properties of interference coatings at increasing angles 
of incidence, 1) the shift of the spectral curve shape towards 
shorter wavelengths, and 2) increased separation between 
the s-polarization and p-polarization states. This corapro- 
30 mise can be made without significant deterioration to image 
contrast and brightness by removing the polarizing transition. 
FIG. 12 depicts optical performance of the dichroic filter ^ !° % f * *™ d . wiv f ck f b «gion used to achieve the 
on the Gist triangular prism R showing the reflection of E i tam P ,c 30 5615 forih • lech ' 

unpobrized, s-polarized and P -polarized light over the range n,que f ° r xh,cv,D & «»» objective, 
of visible wavelengths from 400 nm to 700 nm at an angle 3S Example 3B 

of 280. Tbe desirable spectral characteristics of this dichroic This example and FIGS. 14-20 axe related to comparative 
filler are as follows: 1) tbe : filter has a reflectance near zero. data for green light passing through a color channel such as 
so that ,t transmits bgbt. from about 400 nm to about 580 the color channel defined by second triangular prism G 
nm. 2) tbe region, starttng at about 580 nm. where the waveplate compensator 100 and liquid crystal light valve 
reflectance starts to increase rapidly over about a 20 nm 110 and also light passing through tbe same channel without 
r ange to near 100 percent^ designates tbe cut on wavelength. tbe waveplate compensator. The dichroic coating used in 
3) The s-polanzation and p-polanzation states are close to prism G, for the green channel, has a center wavelength of 
overlapping at the cut on the region, but do not have the about 540 nm 

ZZZSZT? T° ^ ab ° l " ^ ^ *' T 1 ** 1X3,11 « FIG. 14 is a plot of the elliptici.y and rotation values for 
« ^ tn T T , ClOSC 10 100 rcUrfer vdues "W &om 0 to 0.5 of a retarder a, » 

o ooi^Jnn 2l SS'i m S -P°" r,Za, r ,' nd orientation of 0' of a ray, R4, at a wavelength of 550 nm. As 

*T£?T£? .kTT • ° VefU S COn, P lele, y 11 <he Plot shows, the eUipticity and orientation both have a 
£fi„7„X , ""J?, m u aXimUm u rc J ,CCtanCC vahie mmilDUnl wben me (e | lrd J ce vaJuc k lbout ^ 

SSrf SLSS "!* WWe tlus can be done at . single ellipticitv ^ onenUtioQ ^ ^ hive 
angle of uodeocs. in practice some compromise must be minimum „ , reUrdance value of 0 20 * * 
made over the range of cone angles representing the incident i « - i , . ... 

illumination. FIG. 15 is a pupil map of tbe polarization state through tbe 

nr „ .„ , , . ,. , ,._ green light channel with reference to the particular confieu- 

FIG. 13 illustrates the resulting phase difference between ration described in FIG. 1. This represents tbe "off-p^el 
Ihc s-poUnzation and p^poUnzaUoo states over the same ss through tbe display system. Tbe resulting polarization state 
wavelength range in FIG. 12. The phase difference in is a combination of the dichroic coating, antireflection 
transmission k relatively constant, between zero and(-)30° coaling and total internal reflection surfaces in the channel 
over Ibe dichroic coalings low reflection, high transmission. A system with infinite contrast ratio would have no ellip- 
region of 400 nm to about 580 nm. At Ibe cut on wavelength ticity and an angle of rotation of zero degrees. In this case 

about M W.n^ll 6 ?^ T^T Changln8 ^ m 60 ^ * 1 sU 8 ht clli P lici 'y 11 ed S e ° f «* P"P» " well as 
abou (-) 50° to about (♦) 130°, then decreasing in slope relatively large orientation, with respect to the prism R. Ihe 

over the region of high reflection about 600 nm to 680 nm. pupil diagram illustrated in FIG. 8. Tbe contrast with uni- 
The waveplate compensator is effective for the latter range form spectrum, a color tuning filler, dichroic coalings, 
of wavelengths in the red color channel, where tbe phase standard antireflective coatings and pbotoptic weighting was 
difference is relatively constant with wavelength. 6J 24:1. 

FIG. 12 illustrates the desired reflection of the s and p Insertion of a waveplate compensator having a retardance 
polarization components required to obtain a high brighiness value of 0.20 produces a pupil polarization map as shown in 
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FIG. 16. When the 0.20 wavcplate compensator is utilized 

with uniform spectrum, a color tuning filter, dichroic TABLE 5-continued 

coatiogs, standard antireflective coatiogs and photoptic 
weighting, the contrast was 538:1. 

Tables 4 and 5 provided bereinbelow provide the thick- 5 
ness of the thin film layers and the order of deposition of the 
antireflection coating and dichroic coating respectively 
located on the second triangular prism G at 52 and 54. FIGS. 
17-20 illustrate the key characteristics of the optical per- 
formance of the resulting filter for prism G over the range of 10 
visible wavelengths from 400 nm to 700 nm. FIGS. 17-18 
are related to the antireflection coating and FIGS. 19-20 are 
related to the dichroic coating. 

The antireflective coating deposited on surface 51a to nr ... . . , r 

yield coating 52 was formed from alternating layers of 15 depicts optical performance of the dichroic filter 

Ta^0 5 (H) and SiO z (L,). Tbe coating is applied with the ° Q , tnan g uIar P™ m G showing the reflection of 

material at tbe top of tbe column in Table 4 next to the u°pobmcd, s-polarized and p-polarized light over the range 
incident medium and terminates with the material at the f VIS,bIe wavcIeo 6tf* fr° m 400 nm to 700 nm at an angle 
bottom of the column next to the substrate. The refractive 10 250°. FIG. 20 illustrates the resulting phase difference 

index of Lhc high index material (H), the low index material 20 belwccn toe s-polarizatioo and p-polarization states over the 
(L,), the incident media and the substrate were 2.13, 1.45, SamC wavcIcD S th raiJ g c "> ™. 19. 
1.0 and 1.52. The thickness of material is in nanometers Examole 3C 

(nm). The sequence and thickness are provided in Table 4. P 

This example and FIGS. 21-22 are related to data for blue 
TABLE 4 25 u &° 1 passing through a color channel such as the color 

channel defined by first quadrangular prism B and liquid 
crystal light valve 130 without a wavcplate compensator 
such as wavcplate compensator 120. The blue light bad 
wavelength of about 450 nm. 

FIG. 21 is a plot of the cllipticity and rotation values for 
retarder values ranging from 0 to 05 of a retarder at an 
orientation of 0° of a ray, R4, at a wavelength of 450 nm. As 
FIG. 17 provides the spectral performance of anti- mc P lot s 00 * 5 * mc cllipticity and orientation arc near zero 
reflection coating 52 on surface Sla at 45° incidence, 35 ovcr ^ CQlirc retardation range. 

representing tbe chief ray entering prism G after passing FIG. 22 is a pupil map of the polarization state through the 

through the dichroic coating 44 on surface 4lb of prism R. toird channel or the blue light channel with reference to the 
Under these conditions there is a difference in intensity particular configuration described in FIG. 1, however, with- 
between tbe s-polarization and p-polarization vectors, as out a waveplate compensator. In this case, there is no 
well as a wavelength dependent phase, which is provided in 40 eUipturity 0 r orientation. The contrast with uniform 
00 - 18 • spectrum, a color tuning filter, zero phase dichroic coatings, 

The dichroic coating deposited on surface Sib to yield sUndard antireflective coatings and photoptic weighting was 
coating 54 was formed from alternating layers of Ti0 2 (H) 300 9 :1 - Accordingly, a waveplate compensator is not 
and ZrO z (L). The coating is appbed with the material at the rcquircd * 

top of the column in Tabic 5 next to the incident medium and « F 1 in 

terminates with the material at the bottom of the column next Example 3D 

to the substrate. The refractive index of the high index Example 3D provides data related to the performance of 

material (II), the low index material (L), the incident media a color tu °"ig filter utilized in the system described in 
and tbe substrate were 2.45, 2.00, 1.52 and 1.52. The Examples 3A-3C. Such a color tuning filter may be utilized 
thickness of material is in nanometers (nm). The sequence so at a location in the system to filter the incoming light. The 
and thickness arc provided in Table 5. notches, low transmittance regions, of the filter arc designed 

to correspond to tbe transition zones of the dichroic coatings. 

TABLE 5 More specifically, tbe notches of the filter are designed to 

; ■ correspond to the transition zones of the dichroic coatings 

MatcriiU Thidna* 55 such as tbe dichroic coating in the red channel described in 

L 38.33 Example 3A, as will be set forth below in further detail. 

H 54.56 Preferably, the filter is located in the region of illumination 

Jj 70 12 as shown in FIG. 1 at 12. The characteristics of the notch 

L ft 11 ** are selected to operate with tbe preferred dichroic 

H 52^5 60 fibers such that the correcting effect of the waveplate com- 

L 70*90 pensator is maximized for contrast of each color channel. 

Preferably, the notch filler has a very sleep slope from tbe 
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H 53.90 
L 67.51 



H 53^ 0,1 00 toite first peak wavelength, to selectively remove 

L 67.51 oal y tDC limited range of wavelengths so as not to degrade 

» 53.90 65 the brightness of the selected color channel. In a more 

6751 preferred embodiment, tbe notch filter further defines tbe 

wavelength ranges of each color channel to provide tbe 



25 



5,986,815 



proper color purity aod to insure that it is not compromised 
by chromatic variations in the light source. It is most 
preferred to utilize a single fiJicr clement that corrects for all 
color channels. The most preferred filter element is a thin 
film interference coating notch filter, the spectral pcrfor- 5 
mance of which is depicted in FIG. 23. This filter has the 
same spectral performance in transmission for im polarized 
light, s-polarized light and p-po!arized light for the notch 
filler, since it is used at normal incidence. The interference 
notch filter has an extremely narrow transition region which 
is positioned at a wavelength such that the portion of the 10 
reflected wavelengths which are not correctable with a 
waveplatc compensator are blocked and do not effect the 
image contrast or brightness. The notch filter rejects the cut 
on region wavelengths, which cannot be corrected by the 
waveplate compensator due to the change in phase differ- 15 
eoce. The notch filter permits the use of non zero phase 
difference dichroic filters to selectively limited wavelength 
regions. 

Interference notch filters are preferred over absorbing ^ 
color filters. Absorbing color filters have broad rather than 
steep slopes required for very selective rejection. One notch 
filter can be used for the entire display device, since inter- 
ference filters can be made with narrow notch widths and 
steep slopes for the selective rejection of the transition zones ^ 
in the dichroic filters. However, separate absorbing filters 
may be inserted in each color channel. The filter in FIG. 23 
is exemplary of these characteristics, having less than 10 
percent transmission for the region of about 575-600 nm, 50 
percent transmission at 610 nm and greater than 95 percent jq 
transmission up to about 680 nm. 

FIGS. 19 and 20 illustrates the spectral characteristics of 
the dichroic filter 54 on surface 51b for the second triangular 
prism G that act in cooperation with the preferred notch filter 
over the racgs of visible wavelengths from 400 nm to 700 J5 
nm as shown in FIG. 23, to obtain a high brightness and 
contrast image. The notch filter also defines tbe bhie channel 
having about 95 percent transmission from about 400 to 465 
nm. Thus, it can be seen that the transition regions of the 
dichroic coalings, which have changes in reflected phase ^ 
difference do not interfere with tbe image contrast, being 
blocked by the stop bands in the notch filter. 

The present invention may be embodied in other specific 
forms without departing from its spirit or essential charac- 
teristics. The described embodiments are to be considered in 45 
all respects only as illustrative and not restrictive. The scope 
of the invention is, therefore, indicated by the appended 
claims rather than by the foregoing description. All changes 
which come within tbe meaning and range of equivalency of 
the claims are to be embraced within their scope. 50 

What is claimed and desired to be secured by United 
States Letters Patent is: 

1. A waveplate compensator for use in an image projec- 
tion system which utilizes color splitting means for sepa- 
rating a polarized component of light into at least two 55 
separate color beams, the waveplate compensator compris- 
ing: 

a birefringenl material having a thickness, 
said waveplate compensator having a re tarda oce which 
is dependent on the birefringenl material and the 60 
thickness of the birefringenl material, 
said retardance being selected to retard a color beam 
by a wave value at which an approximate mini- 
mum occurs for both cllipticity and elliptical 
polarization orientation of the color beam as 65 
caused by polarization rotation of a portion of the 
color beam by a color splitting means. 
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whereby placement of the waveplate compensator in 
the optical path between a color splitting means 
and an imaging means substantially eliminates 
any portion of light that undergoes polarization 
rotation by the color splitting means. 

2. A waveplate compensator as recited in claim 1, wherein 
the birefringenl material is selected from the group consist- 
ing of quartz, calcite, mica. 

3. A waveplate compensator as recited in claim 1, wherein 
the birefringenl material is an organic polymeric plastic 
having different indices of refraction for different crystallo- 
graphic axes. 

4. A waveplatc compensator as recited in claim 1, wherein 
the birefringenl material is a liquid crystal cell. 

5. A waveplate compensator as recited in claim 1, wherein 
the waveplate compensator means sufficiently e limin ate 
any portion of light that undergoes polarization rotation by 
a color splitting means in a reflective imaging system that 
the resulting contrast ratio of the system is at least about an 
order of magnitude greater than a contrast ratio of the same 
reflective imaging system without a waveplate compensator. 

6. A waveplate compensator as recited in claim 1, wherein 
the waveplate compensator is configured to be positioned in 
an optical path between a beam exit location of a color 
splitting means and an imaging means. 

7. A waveplate compensator as recited claim 1, wherein 
the waveplate compensator is configured to be coupled to a 
color splitting means. 

8. A waveplate compensator as recited claim 1, wherein 
the waveplate compensator is configured to be coupled to an 
imaging means. 

9. A waveplate compensator as recited in claim 1, wherein 
the waveplatc compensator is substantially separated from 
the image plane. 

10. A waveplate compensator for use in an image projec- 
tion system which utilizes color splitting means for sepa- 
rating a polarized component of light into at least two 
separate color beams, the waveplate compensator compris- 
ing: 

a birefringent material having a thickness, 
said waveplate compensator having a retardance which 
is dependent on the birefringent material and the 
thickness of the birefringent material, 
said retardance being selected to retard a color beam 
by a wave value which corresponds with a calcu- 
lated polarization rotation elimination retardance 
value, 

said calculated polarization rotation elimination 
retardance value being the value at which both 
ellipticity and elliptical polarization orientation of 
the color beam as caused by polarization rotation 
of a portion of the color beam by a color splitting 
means are both at approximately a minimum, 
whereby placement of the waveplate compensator in 
the optical path between a color splitting means 
and an imaging means substantially eliminates 
any portion of light that undergoes polarization 
rotation by the color splitting means. 

11. A waveplate compensator as recited in claim 10, 
wherein the birefringent material is selected from the group 
consisting of quartz, calcite, mica. 

12. A waveplate compensator as recited in claim 10, 
wherein the birefringent material is an organic polymeric 
plastic having different indices of refraction for different 
crystal lographic axes. 

13. A waveplatc compensator as recited in claim 10, 
wherein the birefringent material is a liquid crystal cell. 
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14. A waveplate compensator as recited in claim 10, 22. A system as recited in claim 16 f wberein the color 
wherein the waveplate compensator means sufficiently splitting means is a Philips prism having at least one surface 
eliminates any portion of light that undergoes polarization with a dichroic coating. 

rotation by a color splitting means in a reflective imaging 23. A system "as recited in claim 16, wberein the color 

system that the resulting contrast ratio of the system is at 5 splitting means is a Philips prism having at least one surface 

least about an order of magnitude greater than a contrast with a dichroic coating with a nonzero phase retardance 

ratio of the same reflective imaging system without a 24. A system as recited in claim 16, wherein the color 

waveplate compensator. splitting meaiis ^ a pfism ^ ^ ^ Qnc 

15. A waveplate compensator as recited in claim 10, with a dichroic coating with a nonzero phase retardancc and 
wberein the waveplate compensator is configured to be a substantially constant phase retardance for the wavelencth 
positioned in an optical path between a beam exit location of ,u of light encountering the dichroic coating 

a color splitting means and an imaging means. 25. A system as recited in claim 16, wherein the color 

16. An image projection system comprising: splitting means is selected from the group consisting of 

(a) polarizing means for polarizing light to transmit a first beamsplitter cubes, X-prisms, L-prisms, and flat tilted plate 
polarized component of light in a first polarization dichroic mirrors. 

stale i 15 26. A system as recited in claim 16, wherein the three 

(b) color splitting means for separating the first polarized imager means are three liquid crystal light valves, 
component of light into three primary color beams 27. Asyslem as recited in claim 16, wberein the waveplate 
including a red beam, a green beam, and a blue beam, compensator means is a waveplate compensator formed 
(i) wherein each of the three beams exits primarily in fro™ > birefringent material. 

the first polarization state from the color splitting 20 25. A system as recited in claim 16, wherein the waveplate 
means at three separate beam exit locations, compensator means is formed from a material selected from 
(li) wherein said color splitting means causes at least the group consisting of quartz, calcite, mica, organic poly- 
one of the three beams to have residual elliptical mcric plastics having different indices of refraction for 
polarization due to polarization rotation of a portion different crystallographic axes, and a liquid crystal cell 

hf^n tha i al °° C ? f ^ ^ ^ 25 29 ' A 15 rccitcd * cIaim ™> wtocin * least 

has an eilrptiaty and an elhpUcal polarization on- one waveplate compensator means is coupled to the color 
enlauon; splittiflg 

(c) three unager means for modulating a polarization state 30. A system as recited in claim 16, wherein the at least 

n !5r 5"* ?rUDaiy ^ - • 0DC WaVC P Utc means is coupled to the imager 

(i) wherein the three imager means arc positioned such 30 means 

that each imager means receives one of the three 31. A system as recited in claim 16, wherein the at least 
primary color beams; and 00c waveplate compensator means sufficiently eliminates 

(d) at least one waveplate compensator means for retard- any portion of light that undergoes polarization rotation by 
mg at least one of the three primary color beams to said color splitting means such that tbe resulting contrast 
achieve a predetermined phase difference, J5 ratio of said reflective imaging system is at least about an 
(1) wherein the waveplate compensator means is posi- order of magnitude greater than a contrast ratio of a re flee - 

tioned such that the waveplate compensator means is live imaging system such as said reflective imaging system 
in an optical path between one of the three light exit without polarization correction means, 
locations of the color splitting means and one of the 32. A system as recited in claim 16, wberein the at least 
three imager means 40 OQC waveplate compensator means comprises at least two 

00 wherein the waveplate compensator means has a waveplate compensators, and wberein each waveplate com- 
retardance selected to retard the respective primary pcosator has a wave value specifically determined in relation 
color beam by a wave value at which both the to the respective beam received by each waveplate compen- 
ellipucity and the elliptical polarization orientation sator. 

of the respective beam are approximately at a 45 33. A system as recited in claim 16, wherein said rctar- 
minimum thereby substantially eliminating any por- dance of said at least one wave compensating means is 
lion of light that undergoes polarization rotation by selected based on polarization vector modifying character- 
said color splitting means. isUcs 0 f ^ sp ii ttmg 

means. 

17. A system as recited id claim 16, further comprising 34. A system as recited in claim 16, wberein said relax- 
light source means for providing light to the polarizing 50 dance of said at least one wave compensating means is 
IDC ^ S \ ... . . selected based on polarization vector modifying charactcr- 

18 A system as recited m claim 16, wherein the light has istics of said polarizing means and said color splitting 
wavelength ranges and wherein the system further com- means. 

prises notch filter means for tuning tbe wavelength ranges of 35. A system as recited in claim 16, further comprising a 
Uie ugh! such that the light entering the color splitting means 55 convergent light source, wherein said retardance of said at 
has selected wavelength ranges. , east one wave compensating means is selected based on 

19 A system as recited in claim 16, wherein the light has polarization vector modifying characteristics of said con- 
wavelength ranges and wberein .be system further com- vergenl light source, said polarizing means, and said color 
pnscs notch filter means for tuning the wavelength ranges of splitting means 

the light such that the notch filter reflects incidental light at 60 36. Asystem as recited in claim 16, wherein the polarizing 
wavelengths havmg substantially non<onstant phase retar- means and the color separation element impart a dispersion 
dance and substantuUy transmits light having a substanliaUy in retardance. and wherein the at least one waveplatecom- 
constant phase retardance. peDSator mclns has a dispersion m rcUldaDCC subsUntiaUy 

20. Asystem as recited in claun 16, wherein tbe polarizing equal to the dispersion in phase retardance imparted by the 
means is a polarizing .beam splitter 65 polarizmg aieans and the color separation element. 

21. Asystem as recited in claim 16. wberein the polarizing 37. A system as recited in claim 16. wherein said first 
means ,s a polarizing cub.c beam splitter. polled component of light comprises a plurality of skew 
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rays each having a first polarization vector, the skew rays 44. A system as recited in claim 38, wherein the color 

having been directionally modified by said polarizing splitter is a Philips prism having at least one surface with a 

means, and dichroic coating, 

wherein the at least one waveplate compensator means 45 - A system as recited in claim 38, wherein the color 

modifies the polarization state of the skew rays passing 5 s pli ner is a Philips prism having at least one surface with a 

therethrough, such that a second component of light dichroic coating with a nonzero phase retardance. 

having a second polarization slate enters into the color ^ A system as recited in claim 38, wherein the color 

splitting element with each skew ray having a second splitting means is a Philips prism having at least one surface 

polarization vector substantially orthogonal to the first W1 " t ' 1 a dichroic coaling with a nonzero phase retardance and 

polarization vector of the respective skew ray. JO a substantially constant phase retardance for the wavelength 

38. An image projection system comprising: °f "g Dl encountering the dichroic coating. 

(a) polarizer for polarizing light to transmit a first polar- 47 ' A systcm * recitcd m chim wherein the color 
ized component of light in a first polarization state- sphtlcr * tom * e S^P consisting of beamsplitter 

(b) color spUtter for separating the first poUrized compo- J5 " d ^ pUlC <fiduoic 

T^°l^ 1 iDl ° ihT Z ?mD ^ ^ ^ iDChjdiDg 1 A s y stcm " recited in claim 38, wherein the three 

a red beam, a green beam, and a blue beam reflcctivc ^ uc ^ ^ ^ 

(0 wherein each of the three beams exits primarily n aq a -^J? « „~*-a „i • m u • .i_ ca * . 

the first polarization state from the color splitter at 

three separate beam exit locations, compensator * formed from a birefrmgent material selected 

three beams to have residual elhpUcaJ polarizat on A iJ m , JL,*n _ u* a •• -T , 

due to polarization rotation of a portion of.be bean, ^t^TJ^"^ ^1 ^ 

such that at least one of the «7ree beam has an T, f!l ?* ".^ 

• .• •. . „• .- , , . . one waveplate compensator is coup ed to the color splitter, 

elhpticity and an elliptical polarization orientation; a 51 A s ^ m ^ cla J M> whcrcifl ^ 

(c) three reflective imagers for modulating a polarization one waveplate compensator means is coupled to the imae- 
state of each of the three primary color lights and for ers. 

reflecting the beam thus modulated, 52. A system as recited in claim 38, wherein the at least 

(1) wherein the three reflective imagers arc positioned one waveplate compensator sufficiently eliminates any por- 

such that each reflective imager receives one of the 30 tion of light that undergoes polarization rotation by said 

three primary color beams and reflects the respective color splitter such that the resulting contrast ratio of said 

beam in a second polarization state back into the reflective imaging system is at least about an order of 

color splitter; and magnitude greater than a contrast ratio of a reflective imag- 

(d) at least one waveplate compensator for retarding at ing system such as said reflective imaging system without 
least one of the three primary color beams to achieve a 35 polarization correction means. 

predetermined phase difference. 53. A system as recited in claim 38, wherein the at least 

(i) wherein the waveplate compensator is positioned in one waveplate compensator comprises at least two wave- 
an optical path between one of the three light exit plate compensators, and wherein each waveplate compen- 
locations of the color splitter and one of the three sator has a wave value specifically determined in relation to 
reflective imagers, 40 the respective beam received by each waveplate compensa- 

(ii) wherein the waveplate compensator has a rctar- tor. 

dance selected to retard the respective primary color 54. A system as recited in claim 38, wherein said re tar- 

beam by a wave value at which both the ellipticity dance of said at least one waveplate compensator is selected 

and the elliptical polarization orientation of the based 00 polarization vector modifying characteristics of 

respective beam are approximately at a minimum, 45 said color splitter. 

thereby substantially eliminating any portion of light 55. A system as recited in claim 38, wherein said retar- 

tbat undergoes polarization rotation by said color dance of said at least one waveplate compensator is selected 

splitter. based on polarization vector modifying characteristics of 

39. A system as recited in claim 38, further comprising a -• said polarizer and said color splitter. 

light source for providing light to the polarizer. so 56. A syslepa as recited in claim 38, further comprising a 

40. A systcm as recited in claim 38, wherein the light has convergent light source, wherein said retardance of said at 
wavelength ranges and wherein the system further com- least one wave compensating means is selected based on 
prises a notch filter for tuning the wavelength ranges of the polarization vector modifying characteristics of said con- 
light such that the light entering the color splitter has vergent light source, said polarizer and said color splitter, 
selected wavelength ranges. 55 57. A systcm as recited in claim 38, wherein the polarizer 

4X. A system as recited in claim 38, wherein the light has and the color splitter impart a dispersion in retardance, and 

wavelength ranges and wherein the system further com- wherein the at least one waveplate compensator has a 

prises a notch Glter for tuning the wavelength ranges of the dispersion in retardance substantially equal to the dispersion 

light to reflect incidental light with substantially non- in phase retardance imparted by the polarizer and the color 

constant phase retardance and substantially transmits light 60 splitter. 

having a substantially constant phase retardance such that 58. A system as recited in claim 38, wherein said first 

the light entering the color splitter has selected wavelength polarized component of light comprises a plurality of skew 

ranges. rays each having a first polarization vector, the skew rays 

42. A system as recited in claim 38, wherein the polarizer having been directionally modified by said polarizer, and 
is a polarizing beam splitter. 65 wherein tbc at least one waveplate compensator modifies 

43. A system as recited in claim 38, wherein the polarizer the polarization state of the skew rays passing 
is a polarizing cubic beam splitter. therethrough, such that a second component of light 
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having a second polarization stale enters into the color 
splitter with each skew ray having a second polariza- 
tion vector substantially orthogonal to the first polar- 
ization vector of the respective skew ray. 

59. A method of manufacturing a waveplate compensator 
for use in an image projection system which utilizes color 
splitting means for separating a polarized component of light 
into at least two separate color beams, the method compris- 
ing: 

identifying a desired retardance value at which an 
approximate minimum occurs for both eUipticity and 
elliptical polarization orientation of light as caused by 
polarization rotation of a portion of the light by a color 
splitting means in an image projection system, and 

providing a waveplate compensator having a retardance 
value which corresponds with the desired retardance 
value identified as resulting in an approximate mini- 
mum for both the eUipticity and elliptical polarization 
orientation of the light 

60. A method as recited in claim 59, wherein said iden- 
tifying step is achieved by calculating the eUipticity and 
elliptical polarization orientation. 

61. A method as recited in claim 59, wherein said iden- 
tifying step is achieved by measuring properties related to 
the eUipticity and elliptical polarization orientation and then 
calculating the eUipticity and elliptical polarization orienta- 
tion based on the measured properties. 

62. A method as recited in claim 59, wherein said pro- 
viding step is achieved by selecting a type of birefringent 
material to be used as the waveplate compensator, identify- 
ing an approximate thickness of the selected type of bire- 
fringent material which yields a retardance value corre- 
sponding with the desired retardance value, and providing 
the selected type of birefringent material with the identified 
thickness and in sizes appropriate for use as a waveplate 
compensator. 

63. A method of manufacturing a waveplate compensator 
for use in an image projection system which utilizes color 
splitting means for separating a polarized component of light 
into at least two separate color beams, the method compris- 
ing: 

cetcrmining values, at retardance value intervals, for both 
eUipticity and elliptical polarization orientation of light 
as caused by polarization rotation of a portion of the 
light by a color splitting means in an image projection 
system, 

identifying a desired retardaLnce value at which an 
approximate minimum occurs for both the eUipticity 
and the eUiptical polarization orientation of the light, 
and 
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providing a waveplate compensator having a retardance 
value which corresponds with the retardance value 
identified as.resulting in an approximate minimum for 
both the eUipticity and eUiptical polarization orienta- 
tion of the light, whereby the waveplate compensator 
may be placed in an optical path between a color 
splitting means and an imaging means to substantiaUy 
eliminate any portion of light that undergoes polariza- 
tion rotation by the color splitting means. 

64. A method as recited in claim 63, wherein said retar- 
dance value intervals range from 0 to 0.5. 

65. A method as recited in claim 63, wherein said deter- 
mining step is achieved by calculating the eUipticity and 
eUiptical polarization orientation. 

66. A method as recited in claim 63, wherein said deter- 
mining step is achieved by: 

determining a pupil size of a cone of light as the light is 
incident in an image projection system at a location 
intended for placement of a waveplate compensator, 
determining a path of at least one ray, 
calculating the Stokes parameters, and 
calculating both the eUipticity and eUiptical polarization 
orientation of light at retardance value intervals. 

67. A method as recited in claim 63, wherein said deter- 
mining step is achieved by measuring properties related to 
the eUipticity and eUiptical polarization orientation and then 
calculating the eUipticity and eUiptical polarization orienta- 
tion based on the measured properties. 

68. A method as recited in claim 63, wherein said iden- 
tifying step is achieved by plotting the determined values of 
the eUipticity and eUiptical polarization orientation. 

69. A method as recited in claim 63, wherein said pro- 
viding step is achieved by selecting a type of birefringent 
material to be used as the waveplate compensator, identify- 
ing an approximate thickness of the selected type of bire- 
fringent material which yields a retardance value corrc- 

40 s P° ndin S wi 10 toe desired retardance value, and providing 
the selected type of birefringent material with the identified 
thickness and in sizes appropriate for use as a waveplate 
compensator. 

70. A method as recited in claim 63, further comprising 
the step of determining a retardance value which gives the 
largest integrated contrast through an iterative process by 
redetermining the eUipticity and eUiptical polarization ori- 
entation at smaller intervals than the retardance value inter- 
vals used in the determining step. 
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[57] ABSTRACT 

A color separation device useful in information display 
systems is assembled from three prisms in an arrangement 
that provides for air equivalent thickness adjustment for 
each color. The air equivalent thickness adjustment provides 
for the correction of deviations in any of the three prisms, as 
well as providing a method to correct for the chromatic 
aberration arising from other optical elements in the infor- 
mation display system. The color separation device 
improves image quality and provides opportunities to lower 
the display system cost by using low tolerance components 
and/or plastic optical components normally having a high 
chromatic aberration. 

35 Claims, 8 Drawing Sheets 
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COLOR SEPARATION PRISM ASSEMBLY 
AND METHOD FOR MAKING SAME 

This application claims the benefit of priority to U.S. 
Provisional Application No. 60/088,922, filed on Jun. 11, 5 
1998, the disclosure of which is herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention 10 
The present invention relates generally to information 

displays that utilize color separation prisms. More 
particularly, the invention relates to a color separation prism 
assembly and a method for assembling the prism. ^ 

2. Present State of the Art 

An effective way to achieve precise color separation for 
many optical applications is by use of dicbroic optical 
interference filters, which are designed to have a sharp 
transition between transmission and reflection in a precise ^ 
region of the visible spectrum. Dichroic filters have been 
used with various types of prisms, along with other optical 
components. When dichroic filters are utilized on the faces 
of prisms or prism assemblies, light corresponding to dis- 
crete spectral ranges can be re-directed or recombined. 

The combination of dichroic filters and prisms is com- 
monly used in color imaging and display systems as a way 
to separate colors or combine the primary colors into the 
final image. A compact optical element which accomplishes 
this purpose is known as a Philips prism. The Philips prism 30 
assembly is commonly known, and various uses thereof are 
described in U.S. Pat. Nos. 2392,978, 3,659,918, 4,009,941, 
4,084,180, and 4,9 13 ,5 28, the disclosures of which are 
incorporated herein by reference. 

Briefly, a Philips prism assembly comprises two triangu- 35 
tar prisms and one rectangular prism cemented into an 
assembly. The two triangular prism elements have an air gap 
between them. The rectangular prism clement is optically 
cemented 00 a face thereof to a face of one of the triangular 
prisms, opposite the air gap bonded face. Dicbroic filter 40 
coatings are on the faces of the two triangular prisms. When 
used in an information display system, each prism element 
has an associated image modulating device aligned with an 
external facet of each prism element. The image modulating 
device is usually a cathode ray tube or liquid crystal light 45 
valve. The source of light used to form the image can come 
from the image modulating device, as in the case of a 
cathode ray tube. Liquid crystal light valves (LCLV) or 
liquid crystal display (LCD) cells can be used with a Philips 
prism in a transmission mode using back lit illumination so 
through the LCD cell into the prism. 

The LCD cells are more efficient in the reflection mode, 
as used, for example, in image projection systems disclosed 
in U.S. Pat. Nos. 5,621,486 and 5,644,432, the disclosures of 
which are incorporated herein by reference. In this mode, a 55 
single illumination source provides white light. A polarizing 
beam splitter is used to direct one polarization of while light 
into the facet of the first prism element in the assembly. The 
prism splits the light into three color channels, typically red, 
blue, and green, which arc transmitted through an exit facet 60 
of each prism element to the associated LCD. Each color 
channel is retroreflected back into the prism by the LCD 
whereby the polarization of the reflected light is spatially 
modulated via activation of each particular pixel comprising 
the LCD image plane. The light reflected from the three 65 
LCDs is recombined within the prism assembly and exits the 
prism through the entrance facet. A color image is formed 
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when the retroreflected spatially modulated light enters the 
polarizing beam splitter, whereby light corresponding to 
image pixels that caused a 90 degree change in polarization 
is now transmitted through the polarizing beam splitter, and 
separated from the unmodulated light The polarizing beam 
splitter acts as both a polarizer for light entering the Philips 
prism and an analyzer for the light exiting the prism to form 
a spatially modulated image. This image is then projected by 
an additional lens assembly onto a viewing screen. 

Philips prisms arc relatively compact optical assemblies 
for color separation. The angle of incidence for light 
reflected off the various dichroic coatings is less than 30 
degrees, which is not the case for most other color separating 
prism assemblies. This can be significant, as the perfor- 
mance of dichroic coatings becomes increasingly angle 
sensitive as the angle of incidence increases. 

Prism components and optical coatings are expensive to 
manufacture. The individual prism elements must be made 
within sufficiently high tolerances to obtain precise overlap 
of the recombined images formed at each of the liquid 
crystal light valves. The optical coatings are also expensive. 
Antire flection coatings are commonly used on the entrance 
face of each individual prism, and frequently on any exit 
face which is not cemented, or optically bonded, to another 
prism element. In a Philips prism, two of the three prism 
elements have dichroic coatings applied to their surfaces. 
Any errors made in prism assembly, whether they result 
from the assembly method or the tolerance of the individual 
prism elements, results in defective parts and lost value of 
coatings and components. 

SUMMARY AND OBJECTS OF THE 
INVENTION 

A primary object of the invention is to reduce the cost of 
prism assemblies used in image display systems, particularly 
those using Philips prisms. This object is accomplished by 
an assembly method which corrects for errors in individual 
prism elements. 

Another object of the invention is to provide a color 
separation prism assembly that corrects for the chromatic 
aberration of the optical system components. 

A further object of the invention is to provide low cost 
manufacturing methods for the attachment of additional 
optical components to color separation prisms. 

An additional object of the invention is to provide for 
direct attachment of image modulation devices to the exit 
facets of a Philips prism. 

Another object of the invention is to provide for direct 
attachment of field lenses to the exit facets of a Philips 
prism. 

To achieve the foregoing objects, and in accordance with 
the invention as embodied and broadly described herein, a 
color separation device useful in optical imaging display 
systems is assembled from three prism elements in an 
arrangement that provides for air equivalent thickness 
adjustment for each color. The air equivalent thickness 
adjustment provides for the correction of deviations in any 
of the three prisms, as well as providing a method to correct 
for the chromatic aberration arising from other optical 
elements in the display system. 

The individual prism elements of the color separation 
device are fabricated in a manner and sequence which 
results in independent optical path length correction for each 
color channel, which are defined by the optical coatings 
within the prism assembly. The air equivalent thickness 
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within tbc entire prism assembly for any color channel is prism is made longer than its nominal dimension and the 
varied to meet a predetermined difference, which may be second and third- prisms are assembled with an offset from 
zero. The air equivalent thickness is the physical path length the nominal position shown in FIG. 3* 
divided by the refractive index. The air equivalent thickness FIG. 6 is a schematic diagram illustrating the angles and 
for each color channel is a function of the geometric 5 sidcs of cach prism component used to cakukte the prism 
dimensions of the pnsm clement which separates that color offset distances in the assembly process: 
channel and the geometric dimensions of the preceding m,~c - A , „ . . J . 
prism elements within the optical path, along with the ™S. 7A *ad 7B arc schematic digrams for comparing 
refractive index of the prism assembly components. P "°I fc *?. mClhods ° f ^ gDmg °P bCal <»*P°oeiito, including 
tu- - , • u - i ■ * . . ^ c Philips pnsm used to construct an optical image acqui- 
re physical path within each pnsm element is varied by 10 sh[oQ or dis Ia ^ slcm; ^ ^ * 

adjusting the entrance position of the incident Light rays a circ aa Jen-n . . a*-*- t L _,- 

predictable amount, based on geometric and optical prin- - nGS ^aixl 8B iUustrate additional embodiments of the 

ciples. The adjustment is made by assembling the second ™™*>n tor attaching optical components directly to a 

and third prisms to selectively offset their nominal optical ?^ bpS pnSm m which ^ all g nmcnl procedure is simpli- 

path entrance point from the optical path exit point of the 15 

preceding prism. This is accomplished by pre^haracterizing DETAILED DESCRIPTION OP m 

each prism element and calculating the distance each prism Ut ,^E° N 0F THE 

is translated along its planar interface with the preceding en "UN 

prism to obtain the desired air equivalent thickness. The present invention is directed to a color separation 

The color separation device of the invention improves 20 device and a method for assembling the device. The color 

image quality and provides opportunities to lower the dis- separation device is assembled from three prisms in an 

play system cost by using low tolerance components and/or arrangement that provides for air equivalent thickness cor- 

plastic optical components normally having a high chro- rection for each color. The air equivalent thickness adjust* 

matic aberration. mcnt provides for the correction of deviations in any of the 

Tbc method of the invention provides for manufacturing 25 lhrec P™* 05 * 45 providing a method to correct the 

achromatic prisms. Alternatively, the method of the inven- chromatic aberration arising from other optical elements in 

tion provides for manufacturing prisms having a predetcr- *° i* 1 formation display system. 

mined amount of chromatic aberration to correct for other Image quality is improved by the prism assembly of the 

components in an optical system. The method of assembly invention used in information display systems. The method 

corrects for errors in prism dimensions arising from manu- 30 of the invention provides for opportunities to lower the 

factoring steps, providing a prism assembly sufficiently optical system cost by using low tolerance components 

characterized to align and directly attach additional optical and/or plastic optical components such as plastic prism 

components to ihe prism assembly. elements which normally have a high chromatic aberration. 

Other features and advantages of the present invention 35 Referring to the drawings, like structures are provided 

will become apparent from toe following description, or with like reference designations. While a Philips prism 

may be learned by tbe practice of the invention as set forth assembly is used to illustrate the embodiments of the 

hereinafter. invention, the teachings of the invention are equally appli- 

BRIEF DESCRIPTION OF THE DRAWINGS ° Mc '° reUtcd prism asscmblics - 

. . .„ ^ . . L , , 40 FIG. 1 shows a perspective view of a conventional Pliilips 

In order to Ululate ibe manner .n which the above- <° prism assembly 10. The prism assembly 10 includes a fi£ 

rooted and other advantages and object of the invention are prism U and a second triangular prism 14, with 

obtained, a more particular description of the mvenUon a ^ prism l6 hlving at klsl four *£s ^ 

briefly described above win be rendered by reference to prisms U and 14 are ^ tQ 

specific embodiments thereof which are illustrated in the to provide ^ air ^ „ ^ T^ori 

appended drawings. UndersUnchng tiat these drawings tri / ngular prisra £ P and lhlrd ^ 16 ™ ^ 

dep.* only typical embodiment of the invention and are not emtMed „"„ 20 of ^ prisins , ^ m ££? 

wT.rS r H^? nS, H . H l " ,g -, , K n ^ "? aV T? a FIG. 1, prism 12 is configured to separate red light (R), 
S£„X2^I? ^ fT* "*dU,onal specificty p(isnl U is configured to separate bluelight (B), and prU 
aoddeuil through the use of the accompany mg drawings u> J0 16 is configured to receive green light (G). 

W HG. 1 is a perspective view of a conventional Philips in m^ESSZZT^ T*'? ".T 
prism assembly m F J G - \ M , u, ? ,deo, ray 1 plsscs ml ° P" 5 ™ u > ™& » 

ci/- t I - j- •„ portion thereof (e.g. red light) internally reflected and 

. rTJr " f C U1 ^ raU ?8 "5 °P cration of merging from prism 12 as r,. The remaining portion of the 

a conventional pnsm assembly used m a liquid crystal light „ i^dc, m passcs mVo ^ 14> ^ f ^ 00 (bercof 
valve imaging system; (e g blue ^ mtenjally ^ ^ &om 

HO. 3 is a schematic diagram illustrating the ray paths of prism 14 as r 2 . The remaining portion of the incident ray 
a conventional pnsm assembly in which all three prisms (e.g., green light) emerges from prism 16 as r 

nTrxSS dUneDSi0DS Md "* aSSemb,ed iD ^ DOmi - FIG- 2 » » thematic diagram illus^ting the operation of 

ri- A • . . .. .... 60 P" 5 ™ assembly 10 in a conventional liquid crystal light 

FIG 4 a a schematic diagram illustraung one embodi- valve imaging system 100. A light source 102 provides the 

ment of tbe present invenuon in which tbe first prism is illumination in imaging system 100 for forming an image, 

made longer than its nominal dimension and the second and The light source 102 emit unpolarized light 104 which 

th.rd pnsms are assembled with an offset from the nominal passes through an optical filter 105 such as a color tuning 

posmon shown in-FIG. 3; 6J filter or , DOtch fi „ er wbich lUDM ^ waveleogth 0 B f 

FIG. 5 is a schematic diagram illustrating another tbe light required for imaging system 100. The light from 

embodiment of the P resent invention in which tbc second optical filter 105 is incident on a polarizing device 106, 
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lypicaUy a polarizing beam spliller, and light of a selected required lo properly blend colors and obtain a high- 
polarization is reflected into prism assembly 10. The first resolution final image. Detrimental aberrations can be inher- 
tnangular pnsm 12 of pnsm assembly 10 receives incident CDl ^ ^ design ^d selection of optical components or due 
hght at an entrance facet 22a thereof. The pnsm 12 has a t0 cm)re m u,^ alignment ^ J^y. The Phflrps prS 
dichroic coating (not shown) on a first exit facet 22b which < ■ , .• i c . ■ Ti - , "P 5 P" 5 ™ 

is opposite entrance facet 22a. The dichroic coating defines i B °° C 901001131 SOUra of aberration, 
the wavelength range for a first color channel in imaging ; ; rhus ' a need e3QSls 10 conlrol *° d correct for any aberrations 
system 100. Light reflected by this dichroic coating is totally \ m ^ °P l 'cal system that defbeus the three color channel 
internally reflected at Ibc surface of facet 22a toward a images. 

second exit facet 22c and is transmitted through facet 22c. The present invention provides a technique for reproduc- 
Light of a first color such as red is thereby selected and ibly designing and assembling prism elements to correct for 
directed to a first spatial image modulation device 110 such potential aberrations. In addition, the invention provides a 
as an LCD. way to use a Philips prism to correct for aberrations caused 

The second triangular prism 14 is attached at an entrance by other optical components. The invention also provides a 
facet 24a to exit facet 22fc of prism 12 so as to form a precise 15 prec ise and rapid method for assembling optical components 
arr gap 18 therebetween. The prism 14 has a dichroic coating ^ act ^ cooperation with each color channel, which 
on a first eat facet 24b opposite air gap 18. This dichroic eliminates chromatic aberrations caused by improper align- 
coanng defines the wavelength range for a second color mem in the assembly of these components. The methods of 
channel in imaging system 100. Light reflected at facet 246 ,h c mvcnlion are applicable to a broad range of optical 
exits pnsm 14 at a second exit facet 24c after total internal *° svstems which utflize philips ^ , e q[ ^ a 

reflection at facet 24a. Light of a second color such as blue svstcnl * disclosed in U.S. PaL No. 5,658,060, which is 
is thereby selected and directed to a second spatial image incorporated herein by reference, 
modulation device 112. . . . . .. . 

A color separation device according to the invention 

The third pnsm 16 has an entrance facet 26a which is M includes a first prism having a first air equivalent thickness, 
optically bonded or cemented to facet 246 of prism 14 and a second prism having a second air equivalent thickness 
is in contact with the dichroic coating on facet 246. A third which is attached to the first prism, and a third prism having 
color channel is defined by the remaining wavelengths of a third air equivalent thickness which is attached to the 
hght which pass mto prism 16 from prism 14 that have not prism . ^ ^nd prism is offset from the first prism 

been subtracted from the incident beam by the preceding 30 ^ th a , ^ ^ equivalent thicknesses for light selected by 
dichroic coatings in the physical path of the light. Light of e ach of the first and second prisms are substantially equal 
a third color such as green exits prism 16 at an exit facet 266 In additioo> ^ third prism is offset from the first and second 
and is directed to a third spatial image modulation device prisnss wch , hat ^ air equivalent thickness of hght selected 

35 by the third prism is substantially equal to that selected by 

FIG. 3 is a schematic diagram illustrating the light ray the first and second prisms, 
paths of prism assembly 10 in which all three prisms 12, 14, ,„ a me ihod for assembling the color separation device 
and 16 have nominal dimensions and are assembled in their according to the invention, the physical dimensions of the 
nominal positions. The physical paths in these three prisms fc, and second prisms are measured and the path length in 
arc indicated in FIG. 3 by the segments of the ray diagram, «° uje first prism * calculated. An air equivalent thickness 
ABA'B'aV" 1 C ° ndi,i0n: ^CD-ABA" 8 '™'- difference between the first and second prisms is then 

determined. A first physical offset distance is then deter- 

It should be understood that the color separated by each mined to correct for the air equivalent thickness difference 
pnsm element is determined by the optical reflection and 45 between the first and second prisms such that the airequiva- 
transmission characteristics of the associated dichroic coat- lent thickness is the same for the second prism path (through 
ing utilized, and that any of the prism elements can be both the first and second prisms) and the first prism path. The 
configured with appropriate dichroic coatings to separate first aD d second prisms are attached at interfacing sides such 
either red, blue or green light. The dichroic coatings on the that the first and second prisms are displaced at their 
first two prisms act to separate two wavelength regions. 50 interfacing sides by the first physical onset distance. The 
Thus, the color transmitted by the third prism is determined physical dimensions of the third prism can be optionally 
by the first two prisms. measured, and an air equivalent thickness difference 

The spatial image modulation devices 110, 112 and 114 between the first and third prisms is determined. A second 
retroreflect each color channel back through prism assembly 55 physical offset distance is then determmed for the third 
10 providing a spatial modulation of the initial polarization prism to correct for the air equivalent thickness difference 
slate of the Light. The modulated image exits prism assembly between the first and third prisms. The third prism is 
10 and passes to polarizing device 106. The polarizing attached to the second prism such that the second and third 
device 106 selectively transmits only one polarization state prisms are displaced at their interfacing sides by the second 
to a projection lens 118, such that the final image, projected 60 physical offset distance. 

onto a viewing screen L20, is composed by selective acti- When the color separation device is used in an optical 

vation of individual pixels for each color in the image. imaging display system, the first, second, and third prisms 

The brightness and color balance of the final projected can be assembled to provide a predetermined chromatic 
image is achieved by blending the colors from each of the 65 aberration, which compensates for a chromatic aberration 
three separate color images. Precise spatial overlap of each caused by the optical components such as lenses in the 
pixel in each of the three image modulation devices is display system. 



6,144,498 

7 8 

FIG. 4 shows a ray diagram for a prism assembly 30 io Adjustable parameters duriDg the attachment process, in 

accordance with one embodiment of the present invention, addition to the air gap thickness, arc: 

in which prian 14 is assembled with ao offset with respect j li]t of , he imi ge modulation device ffoat abou , 

to pnsms 12 and 16 from the nominal position shown for mc X -axis; 

prism 10 in FIG. 3. The dashed arrowed line in prism 14 5 -> ... r .u ■ a. 1 a c 

r . - 2. Ult of the image modulation device front surface about 

represents the physical path for a prism assembly having no ^ y.j^ 

deviation from tbe no minal design in FIG. 3. The dashed line _ . e 

in prism 12 represents tbe nominal position for tbe now 3. roUUon of the image modulation device about the 

longer side of prism 12 forming the exit facet adjacent prism Z * X1S * 

14. Hie solid segment lines in prism 30 represent the actual 10 4> , Lo . Mr ^Rnment or displacement of the image modu- 

. ■ i «■ » • . • . . M ^ M lation device along the x-axis; and 

physical path caused by the deviations in pnsms 12 and 14 _ & 

utilized to assemble prism 30 in the corrective offset position 5 ' ^ or displacement of the image modu- 

i- . , . . r _ lauon device along the y-axis. 

as shown in FIG. 4. It can be seen that the pnsms are offset CT ~ C ta a to i» *« . 

,. . , I. . i • L . L RGS * ?A and 7B are schematic diagrams illustrating a 

in one dimension whereby the parallel relationship between 15 ^ .i_ j * i- * j . . 0 

- r . . \ , , 7 " pnor art method of aligning and assembling an image 

connected facets is maintained and the path lengths are .... , . . .. .. * t , 6 

r a u .u . / a d/t\\ /*«*.™,~™v_ * " modulation device 114, such as a liquid crystal light valve, 

equalized such thai: (ABCD)new^ABA B CD )new. The _ . . . -T 1 . ' .{T . 

4jC . .. . . . . ^ , . y with respect to a pnsm assembly 10 such as a Philips prism 

pnsm 16 is displaced a distance away from tbe common , . . _ . . . ... , 

■ • • . - . , ... , „ used to construct an optical image acquisition or display 

edge with pnsm 14 by translating its common facet parallel . n a -n. . , . . f 

, . lr t\. . rj- . " p«u^' system. FIG. 7A illustrates a conventional system in which 

to the interface. The amount of displacement for pnsm 16 is u . • a - ^ a u i im * . , . </v 

1 i.j u.u./*n^v- /at,* ( t„a»t,!,x hgbl is directed by lens 108 into pnsm assembly 10, and is 

calculated such that: (ABCD)ncw-(ABAB A B ) new. „ . , A * ... , . . 

n ^ \ y v ) « reflected and transmitted at various wavelengths within 

FIG. 5 shows a ray diagram for a prism assembly 40 in pnsms n and 14 by dichroic coatings 2S and 29. The image 

accordance with another embodiment of the invention, in moduIatioD dcvicc U4 * positioned at a focal distance from 
which pnsm 14 is assembled with a different offset with 25 cxil Ucc{ 26b c f prism 16. The image modulation device 

respect to pr^U and 1^ must ^ p^ly aligned on an optical test bench by 

for pnsm 10 m FIG. 3. Toe dashed arrowed line in prism 14 m anipulaling various spatial parameters, which arc depicted 

represents the physical path for a prism assembly having no k ^ ^agram of FIG. 7B by lines and semicircles with 

deviation from the nominal design in FIG. 3. The dashed line - m reUlioQ lo a mreCKiimcnsioDal (x> z) coo^^ 

in pnsm 14 mtersectmg the arrowed dashed line represents 30 system ^ paramclcrs focal 

the nominal position for the now longer side of prism 14 from mc prism cxit facct (M]rfs ^ ^ . ^ 

formmg tbe exit facet at D'. The solid segment lines in prism alignment in tbe x-axis direction, linear alignment in the 

40 represent the actual physical path caused by the deviation ^ dircclioD> Md ro|a|ional Qf ^ 5li t 

m pnsm 14 utilized to assemble prism 40 in the corrective 35 y aix j z MS 

offset posiUon as shown in FIG. 5. Thc above mc(hod for ^ ^ modulalion 

Since thc of&cttmg of the prism elements in tbe embodi- device is simplified and improved in thc following manner 

ments of the invention may reduce the image area of a wben prisms fornlcd by ^ inventive process are utilized, 

projected image, tbe prism assembly should be oversized to B y reducing or eliminating the air gap thickness adjustment, 

accommodate for the desired offsets from thc nominal 40 mc aforementioned tilt, rotation, and linear alignment or 

design based on the expected deviations from the nominal displacement adjustments can be simplified or reduced to the 

pnsm element dimensions. cxtcm ^ ^ ^ moduialion has a plai]ar font 

FIG. 6 defines thc physical dimensions which are mea- surface and the center and orthogonal axes of the image 

sured on each prism element, the first physical offset (prism 45 modulation device can be pre characterized or controlled. 

2 offset), and thc second physical offset (assembly height). In the ideal case, physical spacers alone would be suffi- 

Thc offset dimensions are calculated from the physical cicnt to adjust thc air gap thickness and eliminate an 

dimensions to adjust thc physical and air equivalent thick- adjustment of Ult about the x-axis and y-axis. When thc use 

ness for each color channel independently to the desired or of physical spacers alone is precluded, a smaller range of air 

predetermined value. These calculations arc based on geo- 50 gap adjustment, arising from improvements in thc optical 

metric and optical principles, and arc discussed in further path length match within the prism, reduces the lime oec- 

detail below in the Examples. The prism assembly ray cssary to fully complete thc othc r adjustments which cannot 

diagrams of FIGS. 4 and 5 were generated using these be eliminated. 

calculations. 55 FIGS. 8Aand 8B illustrate additional embodiments of this 

In tbe conventional method of manufacturing liquid crys- invention when the image modulation device, or another 

tal projection display systems, the liquid crystal image optical component, has ideal characteristics permitting 

modulalion devices must be accurately positioned with direct attachment lo prism assembly 30. 

respect to the color separation prism so that the projected FIG. 8A illustrates one embodiment in which image 

image is formed by the matched overlap of pixels from each 60 modulation device 114 is aligned and optically bonded 

of the three image modulation devices. Conventionally, the directly to the exit facet of prism 16 using a substantially 

image modulation device is attached to the assembled prism uniform optical adhesive layer 124. When the focal distance 

with an air gap therebetween. The air gap thickness is is short, image modulau'on device 114 can be direcdy 

manually adjusted to accommodate for variations in optical 65 bonded to the exit facet of prism 16 as shown in FIG. 8A. 

path length between each of the three color channels arising This provides a cost and performance advantage by elimi- 

from chromatic dispersion prism-to-prism variations. naling thc requirement for antircflectioo coau'ngs on the exit 
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facets of the prism elements and on the image modulators. from edge 3 parallel to side SI of prism 1 to the intersection 

The x and y linear alignments can be automated to corre- of a line perpendicular with side SI of prism 1. This 

spond to the beam offset characteristic of each prism element perpendicular line has an intersection with the correspond- 

and their resulting combination by precisely calculating the ing edge 6 of prism 2, establishing the offset with respect to 
beam offset from the corrected alignment positions of the 5 prism 1. The prism offset distances are labeled in FIG. 6. 

prism elements. Alternatively, at least one image modulation Prism 1 is characterized by measuring the following two 

device can be bonded to an exit facet of the corresponding angles and one side: 01, 03, and S2. Prism 2 is characterized 

prism element with an air gap between the image modula- by measuring the following two angles and one side: 64, 66, 
uon device and the exit facet. The air gap distance is 10 **** S2 * 

controlled by at least one fixed physical spacer connecting a Prism 2 is positioned with respect to prism 1 such that 

perimeter region of the image modulation device and a ec *S c 6 is at the prism 2 offset distance and side SI of prism 

perimeter region of the exit facet. When a physical spacer is 2 forms a parallel air gap (e.g., 0.001 inch (20 micron)) with 

utilized, at least one antircflecuon coating is formed on side S2 of 1 * Prism 2 * bonded to Prism 1 at their 

cither the exit facet of the prism or on the image modulation 15 cd S cs * Th ^ s accomplished by introducing a liquid UV 

device. curable adhesive of relatively high viscosity at the adjoining 

FIG. 8B depicts a further embodiment in which a field sidcs ° f ^ P" 5 ™ 5 and lhcn curin 8 mc adhesive before it can 

lens 126 at a first surface thereof is directly bonded to the wick int0 tbe air £*P- nc air gap can be measured and 
exit facet of prism 16 using an optical adhesive layer 124. ^ ai * Dcd ^8 shim stri P s and/or autocollimation optical 

The field lens 126 is provided to correct for lateral chromatic alignment techniques. 

aberration. In an analogous manner to the bonding of the When the prisms are assembled in a machine automated 

image modulation device shown in FIG. 8 A, the present process, a preferred method of producing a repcalable air 

prism assembly method eliminates the need to provide a 8 a P 10 utilize an optical adhesive composition that 

z-axis linear adjustment which arises from the combined M includes a transparent filler material such as uniform spacer 

tolerance errors of prisms 12, 14 and 16. A second surface ^ads ( c -8> 8*ass micro-spheres or plastic micro-spheres), 

of field lens 126 is opposite image modulation device 114 rods, or glass fibers. Tbe physical dimensions of the 

with an air gap formed therebetween. When field lens 126 is transparent filler material control the thickness of tbe adbe- 

directly bonded to the exit facet of prism 16, at least one sive lavcr bonding tbe prisms together. A representative 

physical spacer 128 can be provided to indirectly attach adhesive formulation is, for example, Norland 4US- 91 

image modulation device 114 to prism 16 resulting in the air optical cement (Norland Adhcsives, North Brunswick, N J.) 

gap between field lens 126 and image modulation device 0.5-2.0 weight-% precision glass micro-spheres 

114. The spacer 128 can be a separate component or can be having a diameter of 20 microns (available from Duke 

manufactured into field lens 126. In either case, spacer 128 35 Scientific, Palo Alto, Calif.). This formulation has a suffi- 

preserves the planar relationship between the exit facet and ciently high viscosity that it can be applied at the perimeter 

the front face of image modulation device 114. The thick- °^ tnc active or useful viewing area of prism 1 as a 

ness of the air gap is controlled by the fixed physical spacer continuous bead. Prism 2 is accurately positioned with 

128 which connects a perimeter region of image modulation respect to prism 1 and pressed into firm contact whereby the 

device 114 and a perimeter region of the second surface of 40 air gap is set by the diameter of tbe micro-spheres. The first 

field lens 126. Preferably, at least one antireflcction coating **** sec 000 * prisms arc held together as the adhesive is cured 

is formed on either the second surface of field lens 126 or on m a conventional manner, resulting in their permanent 

image modulation device 114. attachment. 

It should be understood that optical components such as 45 Prism 3 is characterized by measuring the following two 

image modulators and lenses can be directly or indirectly angles and two sides: 97, 88, and S2, S4. Prism 3 is 

bonded to tbe exit facets of the other prism components of positioned with respect to prism 2 whereby tbe offset is 

prism assembly 30 in tbe same manner as described above characterized by a predetermined height of the prism 

for FIGS. 8A and 8B. assembly, measured from side S2 of prism 3 to side SI of 

'lhe following examples illustrate various features of the 50 prism 1. Side SI of prism 3 is face bonded or optically 

present invention, and axe not intended to limit the scope of cemented to side S2 of prism 2. The surfaces of sides SI and 

the present invention. S2 can be face bonded after physical positioning using 

various types of optical methods that are known to one 

EXAMPLE 1 s5 having ordinary skill in the art. 

Th is e xample is described be low with reference to FIG. 6. The calculations for determining the prism offset are 

Each of prisms 1, 2 and 3 of the prism assembly in FIG. 6 provided by a series of formulas linked in a spreadsheet 

is characterized by measuring two angles and the length of format as shown in Table 1 below. The spreadsheet formal 

one side. Prism 2 is offset from prism 1 by using one edge provides in column H the equations for calculating a pbysi- 

in reference to a zero position, the zero position being one 60 cal path length and in column 1 the equations for calculating 

apex of prism 1. The edge of each prism will be referred to a reduced path length (the physical path divided by the 

by the corresponding angle number, i.e., the edge of prism refractive index). Tbe reduced path length must be matched 

1 having angle 91 will be referred to as edge 1. Edge 3 of at the color channel wavelengths to superimpose the three 

prism I is used as the reference point for positioning prism 65 images at the focal plane. 

2. Side SI of prism 1 is used as the reference for positioning Tables 2, 3, and 4 below provide examples of the calcu- 

side S2 of prism 3. Tbe prism 2 offset distance is measured lations corresponding to the ray diagrams of FIGS. 3, 4, and 
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5, respectively, where the reduced path length is calculated equivalent thicknesses are not equal, but have a predeter- 

for each color channel. The physical length in mm is mined difference. This provides for opportunities lo lower 

calculated for segments 1-9 (represented in FIG. 6 by the the optical system cost by using plastic optical components 

numbers within the triangles). Physical dimensions are input normally having a high chromatic aberration, while improv- 

in column E for the respective angle or side in the same row 5 & c optical system performance, and allowing for sim- 

as indicated by column B. The refractive index of the prism plification of the projection lens. This predetermined differ- 

material, BK7 glass, is 1.520 at 587.6 nm. The optical erjee can be calculated by one having oitimary skiU m the art 

adhesive (Norland NOA61) has a refractive index of 1.56. °P ucaI ray tracing software programs, such as "Code 

The total path length in prism 1 is calculated as the sum of 10 ^ whicb * P roduccd bv Optical Research Associates of 

segments 1, 2 and 3 (e.g., 128 mm in spreadsheet cell in Pasadena, Calif., by providing the appropriate cbaracteriza- 

column H, row 15 of Table 1). uon of refractive index dispersion for the materials used in 

In order to equalize the path length for prism 2 (cell cach J CDS * pdsm ° r 0lhcr 0plical ciemcQt which 

having column labeled "measured" and row labeled »o chromatic aberratzon m the system, 

"green"), the value for the prism 2 ofcet (cell in column E, 15 ^ 3SSCmbly mclbod of ^ prism Yemenis » «*<*ly the 

row 29) can be modified by the user. This can be done 54036 ^ m ^^P^ L ^ spreadsheet format of Table 4 is 

routinely using any spreadsheet software program, for to maIch mc rcduccd P* 0 for each color 

example the "goal seek" or "solver function" provided by chaancl * which * lbc Physical path length divided by the 

the "Excel" program, which is a product of Microsoft 20 rcfractIVC bdcx for tbc P™** at 

Corporation of Redmond, Wash. wavelength (corresponding to the center of the passband for 

t » . ' , , «-...,. me dichroic filter on the same prism). The physical path 

In order to equalize the path length for the third prism , e } f*" 1 

(r~\\ in ~>u imn u rr,^ Kf\ fk i f ii v . . lengths for ray segments that are common to two or more 

(cell in column H, row 67), the value of tbc prism assembly . . jT f . . A 

K • Kf /«.n ; 1 v • a- a a w pnsms are divided by the refractive index at the wavelength 

height (cell in column E, row 56) is modified by the user. \ . , , ... . , , t , 

3 25 associated with the pnsm s color separation channel to 

It may be necessary to grind surface S4 of prism 3 (e.g., M mc ^ cqui valent thickness. The same cells in the 

Side (god) in column B, row 69 of Table 1), depending on spreadsheet used in Example 1 that are modified to match 

the offset requirements for prism 2 and prism 3, in order to pbysical palh lcnglhs m now adjustcd to obuin a ^ 

allow a clearance between edge 8 and side S2 of prism 1. tcrmined difference in reduced path length 
Depending on the physical dimensions of the optical com- * Xable 4 providcs afl cx , c of ^ caIculalioDS wbcrcin 

ponents surrounding the pnsm. it may be necessary lo grind ^ chromatic abcrratioQ from ^ co^cnls 

and polish surfaces^at protrude outside a predetermined othcf than thc phili prisffl m . ^ u^^Zn by 

boundary. This can be done by one of ordinary skill in the lasptetion of mc spreadsbect m TabIc 4 lhat me fi Qr ^ 

art by drawing the optimum pnsm configuration, using the 35 coIor channcI prism was characteri2cd by a m 

dimensions calculated by tbc methods previously described. . . , . ,. fA r . . , *^ 

, , , . . L p iuujmj ucawmcu, length at a wavelengw of 450 nm for physical pa m segments 

and comparing me drawing with an assembly diagram to t> 2> ^ 3 of prism L ^ rcd ^ chann * was ^ 

obtain the required clearances between components. The tefizBd by (bc ^ of reduccd h lc ^ af 65Q ^ for 

gnndmg and polishing operation should be performed prior prisms ! ^ 2 and segments 1, 4, 5, 6 and 7. The green color 

to assembly of the individual pnsm elements, after which *o r u ann ^i „„ 0 . c 7 . 

. ,j, . .. cbannel was cbaracterized by the sum of reduced path 

they should be remeasured according to the methods of the Urtf ^. ccn P i^j^j f , 

invention VL lengths at 550 nm for pnsms 1, 2 and 3 and segments 1, 4, 

5, 8 and 9. In this case, the target air equivalent thickness for 

EXAMPLE 2 ^ e sccon< * ^ pris 015 >s dependent on the air equiva- 

45 lent thickness in the first prism, which is calculated by 

In this example, a correction is made for chromatic dividing the physical path length in prism 1 by the re tractive 

aberration of the entire optical system such that the air index of light at 450 nm separated by prism 1. 
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TABLE 2 

















' P * 1 
rum 


ism 


Prism 3 




BK7 index 


1.520 


(@ 587.6 am) 








wavelength. 


wavelength. 


wavelength. 
















am 








Adhesive [nc 


136 


(NOA61) 




ray offset 


14.040 


450 


650 


550 
















1.52532066 


1.51852205 


1.51452088 














physical dims 


d/a 


d/n 


d/n 






nom. 


measured 


angle, radians 


(mm) 


reduced 


reduced 


















thick. 


thick. 




Prism 1 


Prism 1 








Segment 1: 


7.4643 


4.8936 


4.9285 


4.9155 




Angle 1 


96.0 


95557 


1.67476559 


seg B 


11.0637 










(Angle 2) 


56.0 


n/a 




Segment 2: 


13.3462 


8.7498 


8.8122 


8.7889 




Angle 3 


28 


Z7S97 


0.48S63983 


side 1: 


147.4838 










Side 2 


123 


123 




Segment 3: 


101.5127 


66.5517 


67.0263 


66.8496 










BLUE 


Sum: 


122.3231 


80.1950 


80.7669 


803541 




Bevel Compensation 






•V: 


0.7862 








Air 




















Space 






















Gap 


0.02 


0.025 




angle in air 


0.7945 




0.7909 


0.7935 












Segment 4: 


0.0357 




0X355 


0.0356 










beam displacement: 


0.0107 




0.0106 


0.0107 










vertical disp: 




0.03403 




0.03394 


0.03400 




Wedge angle 


0 


0 


0 


















(.02/30.4) 




angle F: 


0.48863983 




0.488639831 


0.488639831 












angle G: 


1.0821565 




1.082156496 


1.082156496 


Prism 2 




















Prism 2 




















Prism 2 of&et 




89.078409 


vary this Dumber to match red, bhie 










Set Height 




9.45 


with caiibrmtion (actor included 










Angle 4 


93.25 


93.238 


1.62731009 














(Angle 5) 


48.5 


n/a 
















Angle 6 


38.25 


38.267 


0.66788514 














Side 2 


75 


75 
























*g.N 


84.97172 


















Segment 5: 


53.4821373 




35 J 1290854 


35.21986218 












teg. M 


76.2492905 


















angle S: 


1.39155101 


















Segment 6: 


713195186 




47.09048225 


46.96640303 












seg pr 


113.311518 


















acg q: 


-13324237 


















angle L: 


1.57152937 


















Segment 7: 


-9.97849567 




-6.5885 


-6.5712 












Priam 2 path: 


114.82316 




75.8148 


75.6151 










RED 


sum: 


12Z3231 




80.7789 


803662 










BLUE 


Sum: 


12Z3231 


80.1950 
















Y6- 


47.3862 


















Y4- 


60.7577 


















YS- 


513077 


















aagle K- 


1.3350 


















X2- 


73.7984 


















X3- 


12J255 
















1.533 


Xset- 


-£9546 








Prism 3 






















Assembly hgt(Pl-Sl to P3- 


12Z321 


vary this number to match green, blue 










Bondline wedge (X") 


0 


0 














Bond thickness 


(mm) 


0.015 




Segment 8: 


0,01524424 






0.0098 




Angle 7 


90.0 


90 


1.57079633 


Kg t(hgt): 


60.9957 


n/a 








Angle 8 


81.0 


81 


1.41371669 


Segment 9: 


613258 




40.3852 






(Angle 9) 


99.0 


99 


172787596 














(Angle 10) 


90.0 


90 


1.57079633 














S2 Face 


19.55 


















Side (gnd) 


21.048 
























GREEN 


sum: 


122.3231 






803659 










BLUE 


Sum: 


122.3231 


80.1950 




















blue 


red 


green 
















80.1950 


80.7789 


803659 



TABLE 3 



BK7 index 1320 (@ 587.6 nm) 
Adhesive Inc 136 (NOA61) 



Prism 1 



Prism 2 



Prism 3 



wavelength, wavelength, wavelength, 

n m nm nm 

ray offset 14.040 450 650 550 

132532066 1 51852205 1.51452088 

physical dims d/a d/n d/n 
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TABLE 3-cootioued 






















Prism 1 


Prism 2 


Prism 3 






nom. 


measured 


angle, radians 


t^mm; 


reduced 


reduced 


reduced 
















thirlr. 


thick. 


thirV 


Prism 1 


Prism 1 








Segment 1: 


7.4643 


4.8936 


4.9285 


4.9155 




Angle 1 


96.0 


95.957 


1.647476559 


»eg B 


11.0637 










(Angle 2) 


56.0 


a/a 




Segment 2: 


133462 


8.7498 


8.8122 


8.7889 




Angle 3 


28 


27.997 


0.4S863983 


side 1: 


153.4791 










Side 2 


123 


128 




Segment 3: 


106.4857 


69.8120 


70.3098 


70.1245 










BLUE 


Sum: 


127.2961 


83.4553 


84.0504 


83.8290 




Bevel Compensation 






•V: 


0.7862 








Air 




















Space 






















Gap 


0.02 


0.025 




angte in air: 


0.7945 




0.79O9 


0.7935 












Segment 4: 


0.03S7 




0.0355 


0.0356 










beam displacement: 


0.0107 




0.0106 


0.0107 










vertical diap: 




0.03403 




0.03394 


0.03400 




Wedge angle 


0 


0 


0 


















(.02/30.4) 




angle F: 


0,48863983 




0.488639831 


0.488639831 












angle G: 


1.0821565 




1.082156496 


1.082156496 


Prism 2 






















Prism 2 




















Prism 2 offset 




98.419564 


vary this number to match red, bine 










Set Height 




9.45 


with calibration factor included 










Angle 4 


93.25 


93.238 


1.62731009 














(Angle 5) 


48.5 


Q/S 
















Angle 6 


38.25 


38.267 


0.66788514 














Side 2 


75 


75 
























seg.N 


95.5509373 


















Segment 5: 


60.1408133 




39.70946462 


39.60483372 












scg.M 


85.7425408 


















angle J: 


1.39155101 


















Segment 6: 


80.1989986 




5195337926 


52.81385184 












seg p: 


127.41912 


















scg q: 


-27.4318385 


















angle L: 


1.57152937 


















Segment 7: 


-20.5436516 




-133645 


-133287 












Prism 2 path: 


119.79616 




79.0984 


78.8900 










RED 


sum: 


127.2961 




84.0624 


83.8411 










BLUE 


Sum: 


127.2961 


83.4553 
















Y6- 


52J523 


















Y4- 


65.7238 


















YS- 


56.2738 


















angle K- 


1.3350 


















X2- 


73.7984 


















X3- 


133185 
















1333 


Xscl- 


-11.1027 








Prism 3 






















Assembly hgt<Pl-Sl to P3- 127.294 


vary this number to match green, blue 










Bondline wedge 


(x-) 


0 


0 














Bond thickness (nun) 


0.015 




Segment 8: 


0.01524424 






0.0098 




Angle 7 


90.0 


90 


1.57079633 


aeg r(hgt): 


67.6543 


n> 








AngleS 


81.0 


81 


1.41371669 


Segment 9: 


59.6401 






39.2751 




(Angle 9) 


99.0 


99 


1.72787596 














(Angle 10) 


90.0 


90 


1.57079633 














S2 Face 


19.55 


















Sjde (gad) 


21.048 
























GREEN 


sum: 


127.2961 






83.8408 










BLUE 


Sum: / 


127.2961 


83.4553 




















blue 


red 


green 
















83.4553 


84.0624 


83.8408 



TABLE 4 













Prism 1 


Prism 2 


Prism 3 


BK7 index 


1320 


(@ 587.6 n 


m) 




wavelength. 


wive length. 


wavelength. 


Adhesive Inc 


136 


(NOA61) 


ray offset 


14.040 


450 


nm 
650 


nrt} 

550 












132532066 


131852205 


1.51452088 










physical dims 


d/o 


d/Q 


d/n 




nom. 


measured 


angle, radians 


(mm) 


reduced 


reduced 


reduced 












thick. 


thick. 


thick. 


Prism 1 Prism 1 






Segment 1: 


7.4643 


4.8936 


4.9285 


4.9155 


Angle ] 


96.0 


95.957 


1.67476559 scg B 


11.0637 








(Angle 2) 


56.0 


a/a 


Segment 2: 


13.3462 


8.7498 


8.8122 


8.7889 



6,144,498 

21 22 



TABLE 4-continued 















Priam 1 


Prism 2 


Priam 3 




Angle 3 28 


27.997 


0.48863983 


side 1: 


147.4838 










Side 2 123 


123 




Segment 3: 


101.5127 


66.5517 


67.0263 


66.8496 








BLUE 


Sum: 


12Z3231 


80.1950 


80.7669 


80.5541 




Bevel Compensation 






"*x~: 


0.7862 








Air 


















Space 


















Gap 0.02 


0.025 




angle in air: 


0.7945 




0.7909 


0.7935 










Segment 4: 


0.0357 




0.0355 


0.0356 








beam displacement: 


0.0107 




0.0106 


0.0107 








vertical disp: 




0.03403 




0.03394 


0.03400 




Wedge angle 0 


0 


0 
















(.02/30.4) 




angle F: 


0.48863983 




0.488639831 


0.488639831 










angle G: 


1.0821565 




1.082156496 


1.082156496 


Priam 2 




















Priam 2 


















Priam 2 offset 


78.040565 


vary this number to match red, blue 










Set Height 


9.45 


with calibration factor included 










Angle 4 93,25 


93.238 


1.62731009 














(Angle 5) 4&5 


n/a 
















Angle 6 3&2S 


38.267 


0.66788514 














Side 2 75 


75 






















seg.N 


72.4709363 
















Segment 5: 


45.6140062 




30.11777971 


30.03842205 










seg. M 


65.0317243 
















angle J: 


1.39155101 
















Segment 6: 


60.8272057 




40.16267223 


40.05684717 










seg p: 


96.6414685 
















seg q: 


10.0116313 
















angle L: 


1.57152937 
















Segment 7: 


7.49769159 




4.9505 


4.9375 










Priam 2 path: 


113.938904 




75.2310 


75.0328 








RED 


sum: 


121.4388 




80.1950 


795839 








BLUE 


Sum: 


12Z3231 


80.1950 














Y6- 


41.5180 
















Y4- 


55.7809 
















YS- 


463309 
















anglc K- 


1.3350 
















X2- 


787183 
















X3- 


11.1299 














1.533 


Xaet- 


11.8076 








Prism 3 




















Assembly hgt(Pl^Sl to P3- 


121.758 


vary this number to match green, blue 










BondUne wedge (X") 


0 


0 














Bond thickness (mm) 


0.015 




Segment 8: 


0.01524424 






0.0098 




Angle 7 90.0 


90 


1.57079633 


seg r(hgt): 


53.1275 


n/a 








Angle 8 81.0 


81 


1.41371669 


Segment 9: 


68.6306 






45.1957 




(Angle 9) 99.0 


99 


1.72787596 












(Angle 10) 90.0 


90 


1.57079633 














S2 Face 19.55 


















Side (god) 21.048 






















GREEN 


sum: 


121.7598 






80.1950 








BLUE 


Sum: 


122,3231 


80.1950 


















blue 


red 


green 














80.1950 


80.1950 


80.1950 



The preseot invention may be embodied to other specific 
forms without departing from its spirit or essential charac- 
teristics. The described embodiments are to be considered in 
all respects only as illustrative and oot restrictive. The scope 
of the invention is, therefore, indicated by the appended 
claims rather than by the foregoing description. All changes 
which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 

What is claimed and desired to be secured by United 
States Letters Patent is: 

1. A color separation device comprising: 

a first prism having a first air equivalent thickness; 

a second prism having a second air equivalent thickness 
aod attached to the first prism; 

a third prism having a third air equivalent thickness and 
attached to the second prism; wherein the second prism 
is offset a predetermined distance from a nominal 



position with respect to the first prism to correct for an 
air equivalent thickness difference between the first and 
second prisms in the nominal position such that the air 
equivalent thicknesses for light selected by each of the 
first, second, and third prisms are substantially equal. 

2. The color separation device of claim 1, wherein the first 
and second prisms are triangular and the third prism is 
rectangular. 

3. The color separation device of claim 1, wherein the 
third prism is offset a predetermined distance from a nominal 
position with respect to the second prism to correct for an air 
equivalent thickness difference between the first and third 
prisms such that the air equivalent thicknesses for light 
selected by each of the first, second, and third prisms arc 
substantially equal. 

4. The color separation device of claim 1, wherein the 
first, second, and third prisms arc composed of a plastic 
material. 



55 



60 



6,144,498 



23 



24 



10 



5 The color separation device of claim 1, further com- 
prising an air gap formed at the interface of the first and 

second prisms. m _ , 

6 The color separation device of claim I, further com- 
prising a first dichroic coating on an exit facet of the first 
prism and a second dichroic coating on an exit facet of the 
sccoad prism. 

7. A method for assembling a color separation device, 
comprising the steps of: 

measuring the physical dimensions of a first prism; 
measuring the physical dimensions of a second prism; 
determining an air equivalent thickness difference 

between the first and second prisms at a nominal 

position; 

determining a first physical offset distance to correct for 
the air equivalent thickness difference between the first 
and second prisms at the nominal position; 
attaching the first prism to the second prism at interfacing 
sides such that the first and second prisms arc displaced 
from the nominal position at their interfacing sides by 
the first physical offset distance; 
determining an air equivalent thickness difference 

between the first and third prisms; 
determining a second physical offset distance to correct 
for the air equivalent thickness difference between the 
first and third prisms; and 
attaching the third prism to the second prism at interfacing 
sides such that the second and third pnsms arc dis- 
placed at their interfacing sides by the second physical 
offset distance. , 
8 The method of claim 7, wherein the first and second 
prisms are triangular and the third prism is rectangular. 

9. The method of claim 7, wherein the first, second, and 
third prisms are composed of a plastic material. 

10 The method of claim 7, wherein the first pnsm is 
attached to the second prism such that an air gap is formed 
between the interfacing sides of the first and second pnsms 

11. The method of claim 7, further comprising the steps of 
forming a first dichroic coaling on an exit facet of the first 
prism, and forming a second dichroic coating on an exit 
facet of the second prism. t . 

12. An optical imaging display system, comprising: 
one or more image modulating devices; 

one or more image projection lenses; and 
a color separation prism assembly in optical communica- 
tion with the image modulating devices and lenses, the 
prism assembly comprising: 
a first prism having a first air equivalent thickness; 
a second prism having a second air equivalent thickness 

and attached to the first prism; and 
a third prism having a third air equivalent thickness and 
attached to the second prism; 
wherein the second prism is offset from the first prism 
such that the air equivalent thicknesses for light 
selected by each of the first, second, and third pnsms 
are substantially equal. 

13 The display system of claim 12, wherein the first and 
second prisms are triangular and the third prism is rectan- 
gular. t . , 

14 The display of claim 12, wherein the third pnsm is 
offset from the second prism such that the air equivalent 
thicknesses for light selected by each of the first, second, and 
third prisms arc substantially equal. 

15 The display system of claim 12, wherein each of the 
first, second, and third prisms arc in optical communication 
with a corresponding image modulation device. 
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16 The display system of claim 15, wherein each image 
modulation device is attached to an exit facet of each of the 
first, second, and .third prisms. 

17. The display system of claim 15, further comprising a 
field lens attached to an exit facet of each of the first, second, 
and third prisms. , . 

18 The display system of claim 17, wherein each image 
modulation device is attached to the field lens on each of the 
first, second, and third prisms. 

19. An optical imaging display system, comprising: 
one or more image modulating devices; 
one or more image projection lenses; 
a color separation prism assembly in optical communica- 
tion with the image modulating devices and lenses, the 
prism assembly comprising: 
a first prism having a first air equivalent thickness; 
a second prism having a second air equivalent thickness 

and attached to the first prism; and 
a third prism having a third air equivalent thickness and 
attached to the second prism; 
wherein the first, second, and third prisms are assembled 
to provide a predetermined chromatic aberration which 
compensates for a chromatic aberration caused by one 
or more optical components in the display system. 
20 The display system of claim 19, wherein the first and 
second prisms arc triangular and the third prism is rectan- 

^21 The display system of claim 19, wherein at least two 
of the first, second, or third prisms are directly bonded 
together with a substantially uniform optical adhesive layer 
therebetween, the optical adhesive comprising a transparent 
filler material whereby the physical dimensions of the trans- 
parent filler material control the thickness of the optical 
adhesive layer. . 

22 The display system of claim 21, wherein the trans- 
parent filler material is selected from the group consisting of 
glass micro-spheres, plastic micro-spheres, glass rods, and 

glass fibers. r , 

23 The display system of claim 19, wherein each of the 
first, second, and third prisms arc in optical communication 
with a corresponding image modulation device. 

24 The display system of claim 23, wherein each image 
modulation device is attached to an exit facet of each of the 
first, second, and third prisms. 

25 The display system of claim 24, wherein at least one 
image modulation device is directly bonded with i a substan- 
tially uniform optical adhesive layer to the exit facet of the 
corresponding prism. 

26 The display system of claim 24, wherein at least one 
image modulation device is bonded to an exit facet of the 
corresponding prism element with an air gap between the 
image modulation device and the exit facet, the air gap 
controlled by at least one fixed physical spacer connecting a 
perimeter region of the image modulation device and a 
perimeter region of the exit facet. 

27. The display system of claim 26, further comprising at 
least one antirefiection coaling on either the exit facet or on 
the image modulation device. r 

28. The display system of claim 23, further comprising a 
field lens attached to an exit facet of each of the first, second, 
and third prisms. . 

29 The display system of claim 28, wherein each image 
modulation device is attached to the field lens on each of the 
first, second, and third prisms. 

30 The display system of claim 23, further comprising at 
least one field lens having a first surface opposite an exit 
facet of at least one of the prisms and a second surface 
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(57) ABSTRACT 

The present invention relates to an image projection system 
(1) comprising an illumination system (3) and a modulation 
system comprising three image display panels (11, 13 and 
15) of the relative type. The light beam coming from the 
illumination system (3) is color-separated and, after modu- 
lation by the image display panels, color-recombined by a 
color-separating and a color-re combining element (17). At 
least between the element (17) and the display panels (11, 13 
and 15) is arranged a polarization-compensating element 
(31,33,35). 

5 Claims, 2 Drawing Sheets 





/ 

10 



-29 



U.S. Patent Jun. 26, 2001 Sheet 2 of 2 



US 6,250,762 Bl 




US 6,250,762 Bl 



IMAGE PROJECTION SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to an image projection 
system comprising an illumination system, a modulation 5 
system having at least two reflecting image display panels of 
the non-diffusing type for modulating light generated by the 
illumination system in conformity with image information 
to be projected, and a projection lens system. The image 
projection system includes an element having a color- 10 
separating as well as a color-recombining effect, and a 
polarizing beam splitter which is situated between the illu- 
mination system and the etement and between the element 
and the projection lens system. 

A reflective image display panel of the non-diffusing type 15 
is understood to mean a reflective liquid crystalline image 
display panel of the non-diffusing type or a DMD or the like. 

An image projection system comprising two or three 
reflective image display panels may be given a very compact ^ 
construction if the color separation and the color recombi- 
nation are effected by one and the same optical system. The 
optical system may comprise, for example, a polarizing 
beam splitter. Since the other optical elements of such an 
optical system are situated between the reflective display ^ 
panels and the polarizing beam splitter, it is undesirable that 
a change of polarization would be effected by the color- 
separating and color-recombining element. However, this is 
the case in practice, so that the ultimate image has a too tow 
contrast and strong color deviations for all luminance levels M 
between white and black. This is caused by the polarization- 
dependent transmission of the color-separating faces of the 
color-separating element and the geometrical decomposition 
of the polarization vector on all oblique faces due to non- 
perpendicular incidence. Each color channel causes a spe- 35 
cific change of polarization as a function of the wavelength 
and the direction of propagation through the color- 
separating element In addition to polarization changes of 
the light, light having a given direction of polarization may 
be reflected in an unwanted direction. In addition to strong ^ 
color shifts in a color channel, this also causes unwanted 
optical crosstalk when light having a certain wavelength 
reaches a reflective display panel which is meant to modu- 
late light of another wavelength. 

The cause of the above-mentioned polarization effects is 45 
found in the relatively large angle of incidence on the 
color-separating faces of the color-separating element. 
Dependent on the element used, this angle of incidence may 
be between 10-20° and 45°. For a large angle of incidence, 
it is difficult to have an equal transmission characteristic of 50 
a color-separating coating for both s-polarizcd and 
p-polarized light. The smaller the angle of incidence, the 
smaller the above-mentioned problem will be. For small 
angles of incidence, the difference of transmission between 
p and s-polarizcd light can be minimized more easily. But 55 
also in this case, for example for a plumbicon prism, there 
is still a change of polarization. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an image w 
projection system in which the above-mentioned drawbacks 
are obviated. 

To that end, the image projection system includes at least 
one polarization-compensating element is situated between 
the element and the image display panels. 65 

After minimizing the differences between the transmis- 
sion for s and p-polarizcd light in the desired wavelength 



range and for the desired viewing angles, by making use of 
a color-separating, element suitable for this purpose, the 
remaining rotation of polarization induced by toe color- 
separating element is reduced by means of polarization- 
compensating elements. 

A preferred embodiment of the image projection system 
according to the present invention is characterized in that at 
least one polarization-compensating element is situated 
between the polarizing beam splitter and the clement 

The solution to the above-mentioned problem is thus 
found in the addition of polarization-compensating ele- 
ments. Said elements may be provided to the entrance face 
of the color-separating element and/or to one or more of the 
three exit faces of the element. "To the entrance face" is 
understood to be between the polarizing beam splitter and 
the color-separating element and "to the exit faces" is 
understood to be between the color-separating element and 
the display panels. Direct optical contact is not required. 

A further embodiment of the image projection system 
according to the present invention is characterized in that the 
polarization-compensating element is a birefringent ele- 
ment. 

A very suitable compensating element may comprise a 
birefringent element or a combination of birefringent ele- 
ments. A birefringent element or a combination of birefrin- 
gent elements ensures that a change of polarization by the 
color-separating element is substantially eliminated within 
the wavelength range for a plurality of propagation direc- 
tions. 

A further embodiment of the image projection system 
according to the present invention is characterized in that the 
birefringent element has a biaxial symmetry. 

When ihe color-separating element has a viewing angle- 
dependent behavior which is different for the horizontal 
viewing directions with respect to the vertical viewing 
directions, the polarization-compensating element is prefer- 
ably a birefringent element having a biaxial symmetry. 

A further embodiment of the image projection system 
according to the present invention is characterized in that the 
birefringent element has a tilted optical axis. 

If there is a difference between the positive and negative 
viewing directions, an element having a tilted optical axis is 
advantageous. 

These and other aspects of the invention are apparent 
from and will be elucidated with reference to the embodi- 
ments described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an image projection system comprising a 
polarizing beam splitter and one combined color-separating 
and color-recombining element, according to the prior art; 

FIG. 2 illustrates the difference in transmission for 
p-polarized and s-polarizcd light; and 

FIG. 3 shows an image projection system comprising a 
polarizing beam splitter and one combined color-separating 
and color-recombining clement, according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

RG. 1 sbows an image projection system 1 comprising an 
illumination system 3 having a light source 5 and illumina- 
tion optics 7. The illumination optics 7 may comprise, for 
example, a condenser lens and an integrator system (not 

shown). 
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Id case that unpolarized light coming £rom the illumina- 
tion system 3 is iocideot oa a polarizing beam splitter 9, 
approximately half of said light is sent to the modulation 
system comprising, in this Figure, three reflective light 
valves 11, 13 and 15, one for each primary color. The other 
half of the light beam coming from the illumination system 
3 will be lost. 

In case that the illumination optics 7 comprise a polar- 
ization converting system (PCS), the light beam from the 
light source will have been converted into a light beam 
having substantially the same polarization direction. In that 
case, the polarizing beam splitter acts as a folding element. 
The more perfect the PCS has converted the unpolarized 
Light into polarized light, the less Light will be lost at the 
polarizing beam splitter. 

Consequently, the light beam bent by the polarizing beam 
splitter is incident on a color-separating element 17. Said 
element 17, of which the shown embodiment is also called 
in plumbicon prism, comprises three prisms 19, 21 and 23. 
At a first interface 25, the white light beam b„ from the 
illumination system is split up is a blue sub-beam b b and a 
red-green sub-beam b^ At a second interface 27, the 
red-green sub-beam b^ is split up in a red sub-beam b r and 
a green sub-beam b g . Each of the sub-beams b„ b b and b g is 
incident on a respective reflective light valve 11, 13, 15 
which is suited to modulate the light incident thereon. 

After modulation by the light valves 11, 13 and 15, the 
modulated sub-beams are recombined by the element 17. 
Said element 17 now performs the function of a color- 
recombining element. In case the light valves are polariza- 
tion modulating light valves, the parts of the combined 
modulated beams which have to result in bright parts in the 
image are subsequently transmitted to the projection lens 
system 29. The polarizing beam splitter then acts as an 
analyzing polarizer. 

One of the problems in an image projection system as 
described above is, that due to an oblique incidence of the 
beams to be color-separated or color- recombined on the 
interfaces of the element 17, the polarization directions will 
change because the transmission of the color-separating and 
recombioing surfaces is polarization dependent. This differ- 
ence and variation in transmission results in a low contrast 
and color deviations in the image. 

FIG. 2 illustrates, for a color-separating or color- 
recom billing interface, the transmission as a function of 
wavelength for s-polarizcd and p- polarized light. In a certain 
wavelength range, the difference in transmission is relatively 
small (ATI), while at the edges of said range the difference 
becomes much larger (AT2). 

The present invention overcomes said drawbacks by 
providing at least one polarization-compensating element 
31, 33, 35 between the element 17 and the light valves 11, 
13, 15. 

FIG. 3 shows an embodiment of an image projection 
system 10 according to the present invention. 

Contrast and color balance of the image can be further 
improved by providing a polarization-compensation element 
37 between the color-recombining element 17 and the polar- 
ization beam splitter 9. 
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A preferred embodiment of such polarization- 
compensating elements 31, 33, 35 and 37 is a b ire fringe at 
clement or a combination of birefringent elements. 

The sensitivity of the color-separating and recombining 
element with respect to the viewing angle may vary for the 
vertical and the horizontal viewing direction. In that case, 
the birefringent element preferably has a biaxial symmetry. 
If there is moreover a difference between the positive and the 
negative viewing directions, the birefringent clement pref- 
erably has a tilted optical axis. 

Birefringent elements as mentioned above are commer- 
cially available from a.o. Nitto Denko and Fuji Film. 

What is claimed is: 

1. An image projection system comprising an illumination 
system, a modulation system having at least two reflecting 
image display panels of the non-diffusing type for modulat- 
ing light generated by the illumination system in conformity 
with image information to be projected, and a projection lens 
system, the image projection system comprising an element 
having a color-separating as well as a cx)k>r-recombining 
effect, and a polarizing beam splitter which is situated 
between the illumination system and the element and 
between the element and the projection lens system, wherein 
at least one polarization-compensator is situated between the 
element and the image display panels and a further 
polarization-compensator is situated between the element 
and the polarizing beam splitter, and wherein said at least 
one polarization-compensator and said further polarization- 
compensator are configured to compensate for a change of 
polarization of light leaving the elemenL 

2. An image projection system as claimed in claim 1, 
wherein the polarization-compensator is a birefringent ele- 
ment. 

3. An image projection system as claimed in claim 2, 
wherein the birefringent element has a biaxial symmetry. 

4. An image projection system as claimed in claim 2, 
wherein the birefringent element has a tilted optical axis. 

5. A projection apparatus comprising: 

a light source which provides input light; 

a polarizing beam splitter which bends a portion of said 
input light to for a bent light; 

a prism assembly which separates color components of 
said bent light; 

reflective imagers which receive said color components to 
form color image lights, said prism assembly combin- 
ing said color image lights to form an image light, and 
said polarizing beam splitter providing said image light 
to a projection lens; 

polarization-compensators located between said reflective 
imagers and said prism assembly, said polarization- 
compensators being configured to compensate for a 
change of polarization of said color components leav- 
ing said prism assembly; and 

a further polarization-compensator located between said 
prism assembly and said polarizing beam splitter, said 
further polarization-compensator being configured to 
compensate for a change of polarization of said image 
tight leaving said prism assembly. 
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(57) ABSTRACT 

A light projection engine uses a wide angle reflecting 
polarizer material (preferably 3M DBEF brand double 
brightness enhancement filter) as a polarizing beamsplitter 
to direct polarized light to beam splitter/combiner (such as 
an X-cube dichroic reflector). The beam splitter/combiner 
then splits the directed polarized light into separate reflective 
LCD panels acting as light valves. The LCD panels alter the 
polarity of the incident light from 0 degrees up to 90 degrees 
to control which light is passes from the wide angle reflect- 
ing polarizer back towards the light source and which light 
has the necessary polarization change to allow it to pass 
from the wide angle reflecting polarizer to the lens system. 
After reflecting off of the LCD panels, the light goes back 
through the X-cube dichroic reflector, where it is recom- 
bined. The recombined light which is of a first polarity is 
transmitted from the reflecting polarizer to the lens system, 
while the recombined light which is of a second polarity is 
transmitted to the light source. The LCDs are preferably 
analog polarizing LCDs. 

42 Claims, 10 Drawing Sheets 
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IMAGE PROJECTION SYSTEM ENGINE crystal image conveners for display applications;' SPIE 

ASSEMBLY Proceedings, Volume 2650, pages 173-179 (Jan/ 29-31, 

1996); and Baufct al., in "High performance liquid crystal 

BACKGROUND OF THE INVENTION device suitable for projection display," SPIE Proceedings, 

1. Field of the Invention 5 ™l mc ™* P^^O™- 2M1, 1996), disclose 

background id formal ion on the use of liquid crystal devices 

The present invention relates to image projection engines. to process video images. These papers are hereby incorpo- 

More particularly, the present invention relates to an image rated by reference. 

projection engine that provides a polarized image for use in, r lIMMA n V n c tut: iNn/cM-noKi 

for instance, a "folded" projection system. 10 SUMMARY OF THE INVENTION 

2. Description of the Related Art l ? e ulvenUo11 provides an improved projection 
u . . , , . . engine. Polarized light from a light source is reflected by a 
High power lamps are used for illumination applications polarizer/analyzer (such as a 3M DBEF material) which 

beyond typical incandescent and fluorescent lamps. One reflects only the S- polarized com pone nts of light and trans- 
type of lamp known as a high intensity discharge (HID) mits P-polarized components of light, 
lamp consists of a glass envelope which contains electrodes is One of the polarized components of light is passed to an 
and a fill which vaporizes and becomes a plasma when the image engine that forms an image by shifting the polarity of 
lamp is operated. portions of the light. For example, the S-polarized light can 
Recently, a patent issued for a high power lamp that oe P 35 ^ to a dichroic X-cube beam spliUer/combiner (or 
utilizes a lamp fill containing sulfur or selenium or com- °. lhcr . splitter/combiner for splitting the S-polarized 
pounds of these substances. U.S. Pat. No. 5,404,076, issued 20 Ugbl mto bhie components when light passes 
to Dolan et al. and entided "Lamp Including Sulfur" dis- ^ugh me beam splitter/combiner in a first direction and 
closes an clectrodclcss lamp utilizing a fill at a pressure at for combmin g S** en » »° d blue components when light 
least as high asone atmosphere. The fill isexcitcd at a power ^ ^ am ^«cr/combiner in a second 
density in excess of 50 watts per square centimeter. A lamp , f Md t bluc to spatial 
utilizing the fill is excited at a power density of a leas^ » ^ J Vu T ^Alternatively, 
w . f1 «. * _ ^..^ . " y t , . we beam splitter/combiner could be omitted and a color 
ZTJ^L ~ Dlim f ctcr * ™° P° ] ™ cl P* tent * sequential technique could instead be used to provide col- 
3™ t rem r r D0C - 0therprcSSUreSacdp ° Wer ored light In addition, a combination of the two^hniq^es 
densities can be employed. can be employed. The liquid crystal displays alter the 
Projecting systems are used to display images on large polarity of the S-polarized light so that the reflected light is 
surfaces, such as movie or television screens and computer S-polarized, P-poIarized, or clliptically polarized with both 
displays. For example, in a front projection system, an image S-polarized and P-polarized components, depending on the 
beam is projected from an image source onto the front side amount of light that is to be transmitted to the display and 
of a reflection-type angle transforming screen, which then the type of spatial light modulator. This light, if the polarity 
reflects the light toward a viewer positioned in front of the is unchanged, is reflected back to the light 'source by the 
screen. In a rear projection system, the image beam is polarizer/analyzer. Any P-polarized components, however, 
projected onto the rear side of a transmission -type angle are passed through the polarizer/analyzer and on to the* 
transforming screen and transmitted toward a viewer located display. 

in front of the screen. Using mis systcmj a variablc of each ^ can 

Projection engine designs are not new. For example, in ^ be applied with each pixel, and each resulting pixel is 

U.S. Pat. No. 5,453,859 (hereby incorporated by reference), generated through the coaligned colors of light. Further, the 

a system is shown that uses a polarization beam splitter optics are highly efficient, because virtually all of the source 

along with a dichroic M X-cube" to create a color image. light of an w on" pixel is transmitted for display and virtually 

Referring to FIG. 14 of that patent, it is seen that polarized all of the source light of an a ofF pixel is returned to the lamp 

light from a light source 91 is reflected by a polarization 45 where its energy may be recovered, 

beam splitter to a dichroic prism 95. The reflected light is The beam splitter/combiner is chosen such that there is 

S-poIanzed, or polarized normal to the plane of incidence either no alteration of the polarity of light passing there- 

witnin the prism 93. This S-polarized light is then passed through (the preferred situation) or a consistent, predictable 

through a quarter wave plate 94, which circularly polarizes alteration of the polarity so that compensation for the 

that S-polanzed light. For each pixel that is in the "ofT 50 alteration of polarity can be made by controlling the LCDs 

position, that circularly polarized light is reflected For example, if a beam splitter/combiner that is chosen for 

unchanged by the corresponding pixel of a reflective LCD use alters the polarity of green light passing back and forth 

96, 97, and 98. Then, that circularly polarized light is through it one quarter wave total, the LCDs for the green 

restored to its original S-poIanzed stale on the return path light would be adjusted such that if one wanted a dark pixel 

through the quarter wave plate 94. That light is then reflected 55 one would cause the LCD to alter the polarity back one 

back towards the light source by the prism 93. quarter wave in the opposite direction to end up with a green 

For pixels that are to be lit, the LCDs 96, 97, and 98 light beam that is reflected back at the source from the DBEF 

convert some of the circularly polarized light to elhpticaUy reflective surface. 

polarized light. When this light is passed through the quarter The present invention preferably comprises a projection 

wave plate 94, the light passed will not be solely ^ display apparatus comprising: 

S-polarized, but will instead include a P-polarized a source of rays of polarized light ■ 

component, which is passed through the prism 93, through a 3M DBEF reflecting polarizer aligned at an angle to the 

abjection lens 99, and mto whatever projection system is rays of for pMs g su ^2Ty of 

n ' the rays of polarized tight which are polarized in a first 

Uisplaytecb, Inc., in a 6-page technical disclosure entitled 65 direction and for reflecting substantially all of the rays 

FLC/VLSI Display Technology" and dated Dec. I, 1995; of polarized light which are polarized in a second 

Parfenov et al., in "Advanced optical schemes with liquid direction; 
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a beam splitter/combiner, having a Grst, primary inci- 
dence plane aligned with ibe reflected polarized light 
for splitting the rays of polarized light which are 
polarized in the second direction into blue, green, and 
red light rays; 

a first reflecting polarizing LCD for receiving the blue 
light rays from the beam splitter/combiner, shifting the 
polarization of none, some, or all of the blue light rays, 
and directing the blue light rays back into the beam 
splitter/combiner; 

a second reflecting polarizing LCD for receiving the green 
light rays from the beam splitter/combiner, sh if ling the 
polarization of none, some, or all of the green light 
rays, and directing the green light rays back into the 
beam splitter/combiner, 

a third reflecting polarizing LCD for receiving the red 
light rays from the beam splitter/combiner, sniffing the 
polarization of none, some, or all of the red light rays, 
and directing the red light rays back into the beam 
splitter/combiner; and 

a lens for receiving and transmitting substantially all of 
the rays of polarized light which are polarized in the 
first direction and which have passed from the beam 
splitter/combiner through the DBEF reflecting polar- 
izer. 

Preferably, the source of rays of polarized light comprises 
a "light-pumped" source that can re-absorb and re-emit 
unused reflected light; when a "light-pumped" source is 
used, the apparatus can also include a mirror aligned at 
substantially a 90° angle to the rays of polarized light as the 
rays exit the source for reflecting back to the source the rays 
of polarized light which are polarized in a first direction and 
which pass through the DBEF reflecting polarizer without 
first passing through the beam splitter/combiner. The source 
of rays of polarized light preferably includes a reflecting 
polarizing filter for passing substantially all of the rays of 
polarized light which are polarized in the second direction 
and for reflecting substantially all of the other rays of light. 
The source of rays of polarized light preferably also com- 
prises a reflecting filter for passing substantially all rays of 
blue light, green light, and red light, and for reflecting 
substantially all rays of light which are not blue light, green 
light, or red light. 

A condenser lens can advantageously be interposed along 
the path of the rays of polarized light between the source of 
rays of polarized light and the DBEF polarizing reflector. 

The source of rays of polarized light can advantageously 
comprise; 

an eleclrodeless lamp body that defines a chamber, 
a gas contained within the chamber; 
electrodes positioned externally of the lamp chamber for 
producing radio frequency energy that excites the gas, 
forming a plasma light source of intense heat that emits 
a light beam, wherein the electrodes arc not subjected 
to the intense heat generated at the plasma; and 
a reflector positioned next to the lamp body for redirecting 
some of the light emitted by the light source back to the 
lamp using the reflector so that the lamp reabsorbs light 
energy to intensify the light source, wherein the reflec- 
tor includes a polarizing filter that is positioned to 
receive and polarize the light beam. 
The projection display apparatus of the present invention 
can advantageously be used as an image source in a pro- 
jection apparatus for producing an image display oo a 
display surface comprising a display surface, an optical 
device which is reflective of some light and transmissive of 
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other light; and means for transmitting light from the image 
source to the display surface such that the light travels an 
image path which reaches the optical device twice on its way 
to the display surface. 

The present invention also comprises a method of pro- 
ducing a visual image comprising: 

providing a source of rays of polarized light; 
directing the rays of polarized light onto a 3M DBEF 
reflecting polarizer aligned at an angle to the rays of 
polarized light for passing substantially all of the rays 
of polarized light which are polarized in a first direction 
and for reflecting substantially all of the rays of polar- 
ized light which are polarized in a second direction; 
reflecting the light rays which are aligned in the second 
direction from the 3M DBEF reflecting polarizer into a 
beam splitter/combiner having a first, primary inci- 
dence plane aligned at an angle to the 3M DBEF 
reflecting polarizer for splitting the rays of polarized 
light which are polarized in the second direction into 
blue, green, and red light rays; 
valving the blue light rays in a first reflecting polarizing 
LCD for receiving the blue light rays from the beam 
splitter/combiner, by shifting the polarization of none, 
some, or all of the blue light rays 90°, and directing the 
blue light rays back into the beam splitter/combiner, 
valving the green light rays in a second reflecting polar- 
izing LCD for receiving the green light rays from the 
beam splitter/combiner, by shifting the polarization of 
none, some, or all of the green light rays 90°, and 
directing the green light rays back into the beam 
splitter/combiner, 
valving the red light rays in a third reflecting polarizing 
LCD for receiving the red light rays from the beam 
splitter/combiner,. by shifting the polarization of none, 
some, or all of the red light rays 90°, and directing the 
red light rays back into the beam splitter/combiner, 
electrically controlling the LCDs; 
reflecting the blue, green, and red light rays polarized in 
the second direction from the 3M DBEF reflecting 
polarizer back to the source of rays of polarized light; 
and 

transmitting the blue, green, and red light rays polarized 
in the first direction through the 3M DBEF reflecting 
polarizer to a lens which transmits the blue, green, and 
red light rays polarized in the first direction to produce 
a visual image. In this method, the source of rays of 
polarized light preferably comprises a "light-pumped" 
source that can re-absorb and re -emit unused reflected 
light. The method preferably further comprises the step 
of reflecting back to the source of rays of polarized light 
the rays of polarized light which are polarized in a first 
direction and which pass through the DBEF reflecting 
polarizer without first passing through the beam 
splitter/combiner from a mirror aligned at substantially 
a 90° angle to the rays of polarized light as the rays exit 
the source. 

The source of rays of polarized light preferably includes 
a source of light and a reflecting polarizing filler for passing 
substantially all of the rays of polarized light which are 
polarized in the second direction and for reflecting substan- 
tially all of the other rays of light. 

The source of rays of polarized light can also include 
reflecting filler for passing substantially all rays of blue light, 
green light, and red light, and for reflecting substantially all 
rays of light which arc not blue light, green light, or red light. 

In the method of the present invention, the LCDs are 
preferably analog LCDs. 
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The apparatus of the present invention can be broadly FIG. 6 is a sectional view of the sixth embodiment of the 

described as a projection display apparatus comprising: apparatus of the present invention; 

an opticaUy pumpable source of rays of polarized light FIG. 7 is a sectional view of the seventh embodiment of 

that can re-emit unused light returned to it; the apparatus of the present invention; 
a wide angle reflecting polarizer for passing substantially 5 FIG. 8 is a sectional view of the eighth embodiment of the 

all of the rays of polarized light which are polarized in apparatus of the present invention; 

a first direction and for reflecting substantially all of the nGS . 9 and 10 are side views of the preferred embodi- 

rays of polanzed hght which are polanzed in a second mcQtof ^ apparatusof ^ prcscnt ^ ? 0Q ^Jj£r 
ircc oa ' 10 projection video system; 
at least one reflecting polarizing LCD for receiving the na u is a perspective view of the projection display 

light rays from the reflecting polanzer, shifting the apparatus of aD embodiment of the present mvention; 
polarization of none, some, or all of the light rays, and ^ . , • ^ , ^ 

directing the light rays back towards the wide angle to P ^ ° f P ro J ectlon **Pl*y apparatus 

reflecting polarSer; of an embodiment of the present invention; 

a lens for receiving and transmitting substantially all of " f FlG - UAisz to P ™* of lhe Projection display apparatus 

the rays of polarized light whose polarization has been ° f ^ alternatIVC embodiment of the present invention; 

shifted by the at least one reflecting polarizing LCD; nG * 13 ® * to P of mc projection display apparatus 

and ' ot " *° embodiment of the present invention; 

means for returning the rays of polarized light whose 20 FIG * 14 is a top view of the projection display apparatus 

polarization has not been shifted by the at least one of 311 alternative embodiment of the present invention; 

reflecting polarizing LCD to the source of rays of FIG. 14A is a top view of an embodiment of the present 

polarized light to optically pump the source. invention that uses sequential color; 

The method of the present invention can broadly be FIG. 15 is a top view of the projection display apparatus 

described as a method of producing a visual image com- 25 of another embodiment of the prcscnt invention; 

* >nS1Dfi ' FIG. 16 is a top view of the projection display apparatus 

providing an optically pumpable source of rays of polar- of another alternative embodiment of the present invention; 

ized light that can re-emit unused light returned to it; and 

directing the rays of polarized light onto a wide angle FIG. 17 is a top view of the projection display apparatus 

reflecting polarizer for passing substantially all of the 30 of yet another alternative embodiment of the present inven- 

rays of polarized light which are polarized in a first tion. 

direction and for reflecting substantially all of the rays 

of polarized light which are polarized in a second DETAILED DESCRIPTION OF THE 

direction; PREFERRED EMBODIMENT 

using at least one reflecting polarizing LCD, shifting the 35 U.S. application Scr. No. 08/581,108, filed Dec 29 1995 

polarization of none, some, or all of the light rays, and and entitled "Projecting Images," is hereby incorporated by 

directing the light rays back towards the wide angle reference. 

reflecting polarizer; Turning to the drawings, FIG. 1 shows generally an 

receiving with a lens and transmitting through the lens 40 embodiment of the lamp apparatus of the present invention 

substantially all of the rays of polarized light whose designated generally by the numeral 10A, for use with the 

polarization has been shifted by the at least one reflect- projector lamp optics assembly of the preferred embodiment 

ing polarizing LCD; and of the present invention. A high efficiency lamp apparatus 

returning the rays of polarized light whose polarization 10A includes a bulb 11 having a hollow interior 12 that 

has not been shifted by the at least one reflecting 45 contains a gas such as sulfur gas or selenium gas or some 

polarizing LCD to the source of rays of polarized light other lamp optimally capable of being optically pumped, 

to optically pump the source. The gas in bulb U can be excited to a plasma state so as to 

RHIPF nP^rpifmnM nc Tijc no mv/.m^c produce a high intensity light source. The gas fill is excited 

BRIEF DESCRIPTION OF THE DRAWINGS b y electrodes E (see FIG. 1A), which provide radio fre- 

For a further understanding of the nature and objects of 50 quency (or other appropriate frequency) energy to excite the 

the present invention, reference should be had to the fol- fiu ^ electrodes E are not subjected to the intense beat of the 

lowing detailed description, taken in conjunction with the plasma inside bulb II. -Lamp apparatus 10A could also 

accompanying drawings, in which like parts are given like include a non-mercury containing metal halide lamp which 

reference numerals, and wherein: works with fusion and is electrode less. The fill may be high 

HO. 1 is a sectional view of tbc preferred embodiment of 55 or low P 1 ™*"**- 

the apparatus of the present invention; Generally, redirecting light to a lamp will cause that lamp 

FIG. 1A is a fragmentary view of the preferred embodi- to faU - ^ * 001 lruc ' however, with certain types of 

ment of FIG. 1; eleclrodeiess lamps that can reabsorb such light. Such lamps 

FIG. 2 is a sectional elevational view of a second embodi- J 080 ? h ° WQ ' m * C °° lia P atcnl ' P revi °^y "tor- 

ment of the apparatus of the present invention- 60 by rcfcreQCC - 35 wcU ™ ^rtain lamps containing 

FIG. 3 is a sectional elevational view of a tnird embodi- IT ^ °' D ° Q / mcrCUr ? m ^ b^e gasses. The 

ment of the apparatus of the present invention ?f SU ? ^ m ibc f*™ * 

rrt/^ a ' . . , "pennon, that generally only certain colors or polarities of light are 

FIG 4 is a sectional elevational view of a fourth embodi- useable and needed in these systems. Therefore, with appro- 

ment of the apparatus of the present invention; 65 priatc fii lcring (illustrated by FIGS. 1-*), only desired 

FIG. 5 is a sectional elevational view of a fifth embodi- polarities or colors of light are passed, and the remainder is 

ment of the apparatus of the present invention; reflected back to the plasma formed in the elcctrodeless 
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lamps for re-absorption and rc-emissiou. This improves the 
efficiency of the light source. 

A shaped (for instance, parabolic) annular reflector hous- 
ing 14 is positioned about and spaced from bulb U as shown 
in FIG. 1. The housing 14 is hollow, defined by a wall 15 and 
an open end portion 16. The wall 15 has a reflecting surface 
17. Housing 14 can be made of, for example, ceramic 
material. 

A first transversely positioned screen 18 is interposed 
across the path of a light beam 19 that is travelling from the 
bulb U through the open end portion 16 in the direction of 
arrows 20. A second screen 21 is interposed across the path 
19 and on the opposite side of screen 18 from bulb H as 
shown in FIG. 1. 

The first screen 18 is preferably an interference filter (for 
example a dichroic filter or dichroic mirror), that reflects 
certain colors of light while allowing others to pass through. 
The screen 18 is preferably selected to pass red, green and 
blue light, reflecting undesired colors back to the bulb U and 
the reflector surface 17. By reflecting light other than desired 
colors back to the bulb 11, the lamp 10 becomes more 
efficient because it allows conversion of redirected light 
back to useful wavelengths. In FIG. 1, the lamp 10A has the 
screen 18 mounted inside the reflector housing 14 and the 
screen 21 mounted at opening 16. The screen 18 and the 
screen 21 each extends at its periphery to the wall 15. 

The screen 21 is a reflecting polarizer that only allows a 
certain polarity of light to pass through as indicated by the 
arrows 20. The reflecting polarizer 21 reflects light of the 
wrong polarity back to the bulb U. Therefore, in the lamp 
10A, emitted light indicated as 20 has been filtered to be of 
a desired portion(s) of the color spectrum and of a desired 
polarity. 

In FIGS. 2-8, other embodiments of the lamp 10 are 
shown. FIG. 2 illustrates a lamp 10B similar to that of FIG. 
1, with a pair of screens 26 and 27 positioned externally or 
covering an opening 23 of a reflector bousing 22 including 
reflecting surface 24. The screen 26 is preferably an inter- 
ference filter, and the screen 27 is preferably a reflecting 
polarizer. FIG. 3 illustrates an alternative lamp 10C, in 
which three optical elements 31, 32, and 33 are positioned 
external to a housing 28 and either away from or covering 
an open end portion 29 of the housing 28. Tbc element 31 
is preferably a reflecting polarizer, the clement 32 is pref- 
erably an interference filter, and tbc element 33 is a clean-up 
absorbing filter. FIG. 4 illustrates another alternative lamp 
10F, with an clement 108 that is an interference filter and an 
clement U0 that is a reflecting polarizer both mounted 
within a reflector housing 100, while an additional polariz- 
ing filler 114 covers an open end 102 of the reflector bousing 
100. FIG. 5 illustrates an alternative lamp 10G where a 
reflective bousing 116 assumes a parabolic shape. FIG. 6 
illustrates lamp 10D in which a reflector housing 35 has an 
inner reflecting surface 37 with double parabolic shapes and 
cross-sections. FIG. 7 illustrates an alternative lamp 10E, in 
which an opening 44 has an element 45 that is an interfer- 
ence filter, dichroic fitter, or dichroic mirror, and an element 
46, which is preferably a reflecting polarizer. FIG. 8 illus- 
trates an alternative lamp 10H with dual parabolic reflectors 60 
that includes an internal clement 138 that is preferably an 
interference filter and an clement 136 covering an opening 
134, where tbe clement 136 is preferably a reflecting polar- 
izer. All of these lamps 10 arc intended to provide desired 
frequencies and polarities of light, while reflecting undesired 
light for re-absorption and remission by the fill within the 
bulb 11. 
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FIGS. 9 and 10 show a rear projection video system 60 
that includes a linear reflecting polarizer 62 and an achro- 
matic rctardcr 64 that allow light in a projected image 66 to 
reflect from a display screen 68 at one instance and to pass 
through the screen 68 at another instance. This allows for 
"optical folding/* which allows the video system 60 to be 
very shallow yet project a large image, as described in the 
previously incorporated U.S. patent application entitled 
"Projecting Images." For the video system 60 to work 
properly, the image source 76 must produce polarized Light. 
A wide variety of other types of video systems employ 
polarization in image formation. 

FIGS. 11 and 12 show the projection display apparatus or 
engine 200 of a first embodiment of the present invention. 
The projection display apparatus 200 comprises a source 
210 of rays of polarized light, such as tbe light source 10A 
of FIG. 1, a polarizer/analyzer (reflecting polarizer) 220, an 
X-cubc beam splitter/combiner 230, reflecting polarizing 
LCDs 241, 242, 243, a mirror 250, a projection lens 260, an 
optional clean-up polarizing filter 261, and an optional 
condenser lens 270. The projection display apparatus 200 (or 
any of the remaining embodiments, which employ a wide 
angle reflecting polarizer) can advantageously be used as the 
image source 76 in the video system 60 shown in FIGS. 9 
and 10. - 

The reflecting polarizer 220 (preferably made of DBEF, or 
double brightness enhancement film, commercially avail- 
able from Minnesota Mining & Manufacturing Company, 
though some other wide angle reflecting polarizer could be 
30 used) is preferably aligned at approximately a 45° angle to 
the rays of polarized light for passing substantially all of the 
components of light polarized in a first direction 
(P-polarized in a direction parallel to tbe plane of incidence) 
and for reflecting substantially all of the components of light 
polarized in a second direction (S-poIarized, in a direction 
normal to the plane of incidence). Tbc reflecting polarizer 
220 could be set to work at angles other than 45°, with 
corresponding changes to the remainder of the optics to 
account for tbe other angles. FIG. 12 A shows an alternative 
embodiment in which the angle of incidence of the light 
projected by the source 210 to the reflecting polarizer 220 is 
other than 45°. When the reflecting polarizer is an appro- 
priate wide angle reflecting polarizer, such as DBEF, angles 
other than 45° can be chosen. 

The X-cube beam splitter/combiner 230 has a first, pri- 
mary incidence plane 231 aligned at approximately a 45° 
angle to the reflecting polarizer 220. Tbe purpose of the 
X-cube beam splitter/combiner 230 is to split the rays of 
S-polarizcd light into blue, green, and red light rays and to 
direct substantially all of a first light color (such as blue light 
rays) through a second plane of the X-cube beam splitter/ 
combiner 230, to direct substantially all of a second light 
color (such as green light rays) through a third plane of the 
X-cubc beam splitter/combiner 230, and to direct substan- 
tially all of a third light color (such as red light rays) through 
a fourth plane of the X-cube beam splitter/combiner 230. 
While red, green, and blue are shown in this embodiment, 
any three colors suitable as primary colors could be used. 

A first reflecting polarizing LCD 241 receives the blue 
light rays from X-cube beam splitter/combiner 230. The 
reflecting polarizing LCD 241 (and the reflecting polarizing 
LCDs 242 and 243) is preferably a liquid crystal spatial light 
modulator. These LCDs operate as a type of variably bire- 
fringent switch. In a first position, the reflected light is 
essentially unaffected by the LCD, resulting in the reflective 
light being S-polarized as was the incident light. When the 
liquid crystals arc fully energized, however, the liquid 
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crystal display effectively retards the incident light by a baJf The light is then reflected by the LCDs 241 242 and 243 
wave resulting u> a rotation of the polarity by 90°. Thus, the as described above. The LCDs 241, 242, 243 are electricaUv 
S-polanzcd light is reflected as P-polarizcd light. In controlled, such- as with television signals, signals from a 
between, if appropriate for the particular LCD, components personal computer, or other means duJcussed iico-pendine 
of each are apparent resulting in elliptically polarized or 5 U.S. patent application entitled "Projecting Images." As 
circularly polarized light, with a greater and lesser degree of discussed above, the reflected light is eithef totally 
polarization in a particular direction according to the amount S-polarized (unchanged), totally P-polarized, or elliptically 
of voltage applied to that particular pixel of the LCD of the polarized with components of each 
reflecting polarizing LCD 241. For alignment purposes, the Both (be P-potarized and S-polarized components of the 
optical axis of the liquid crystal display is aligned at a 45" light rays 223 again pass through and oTohS x!c£ 
S llan^d? hi ° f P° lanzat,on of ,be ™ dc " beam splitter/combiner 230. When .be light S^Z 
•n, ,uL n • , • • . „ reflecting polarizer 220, the P-polarity components pass 
rhus, the reflecting polarizing LCD 241 shifts the polar- through, while the S-poIarity components are reflected The 
ization of the blue light rays such that the reflected light has P-polarized components pass through the projection' lens 
varying degrees of S-polarized components and P-polarized 260 and clean-up polarizing filter 261 (if present) and out of 
components, varying from entirely S-polarized to entirely the apparatus 200, providing an image source for for 
P-polanzed. These rays are directed back into the X-cube example, the apparatus 60. The remaining S-polarized corn- 
beam splitter/combiner 230. pooe^ „ e reflectcd 5y the reflectillg uo and 
The second reflecting polarizing LCD 242 is used for directed back into the light source 210, serving to "optically 
receiving the green light rays from X-cube beam splitter/ pump" the bulb 11. 

£? b ^ r ? d - ^ ^A*' reflecliD g Polarizing LCD . Thus, as one will appreciate from a description of FIGS. 
241 shifts the polarization of the S-polarized light so that the 11 and 12, substantially all light emanating from bulb 11 is 
result b no, some, or all P-polarized light. The green light either transmitted through projecting lens 260 or is reflected 
rays are then directed back into the X-cube beam sputter/ back into bulb 11 for re-use (perhaps after sufficient down- 
combiner 230. The third reflecting polarizing LCD 243 does shifting takes place) 

s^it^rlL?^ ^ " yS ^ ** X '™ bC TneLCDs241,242,243airren.lycanbeanalogLCDsu, 

spinier/combiner ZM) the Mnse „,„ ue a(noum of poIarizat)0n cb for a • 1 

In operation, radio-frequency (such as microwave) energy is related to the voltage level applied to that pixel This 

is used to excite the fill in light bulb 11, and light is emitted allows the intensity of each color to be individually adjusted, 

therefrom. Some of this light (the blue, green, and red providing for multiple colors. Alternatively, the LCDs 241 

components) passes through rcHecling filler 18. The rest of 242, 243 can be ferroelectric LCDs, where each pixel is* 

Sdb if' 15 reflecting filter 18 back into light instead only on or off, and then one pulse width modulates 

. within each frame and/or performs frame -to-frame tnodula- 

Ot the light which passes from the bulb 11 through the tion to approximate a desired brightness for a color 
filter 18, substantially all of the transmitted light is 3S FIG. 13 is a top view of the projection display apparatus 

S-poIanzed, while the remaining light is reflected back 300 of an embodiment of the present mvention. The pro- 

towards the bulb 11 from the filter 21. A small amount of jeclion display apparatus 300 is essentially the same as the 

P-polanzed light 222 may escape through filter 21, but it will apparatus 200, but X<ube beam splitter/combiner 230 of the 

pass unreflected through reflecting polarizer 220, reflect off apparatus 200 is replaced with a Phillips prism 330, and the 

or a minor 250, and back through a second surface 227 of „ reflecting polarizing LCDs 241, 242, 243 are replaced with 

the reflecting polarizer 220 towards I be filter 21, through the reflecting polarizing LCDs 341, 342, 343, respectively 

wok* tt will pass The insulated filter 21 does not normally The Phillips prism 330 includes a plane 334 through which 

pass P-polanzed tight in a first direction when the light is red light is transmitted, a plane 333 through which ereen 

coming from the bulb U, but normally passes P-polarized light is transmitted, and a plane 332 mrough Which blue light 

light in a second direction when the light is coming from 45 is transmitted. The reflecting polarizing LCDs 341. 342 343 

ouK.de of the hght source 210. This initially P-polarized work in the same manner as the reflecting polariztog LCDs 

hght is then directed to the bulb 11 for optical pumping. 241, 242, 243. 

It will be appreciated that the mirror 250 is not strictly FIG. 14 is a top view of the projection display apparatus 

necessary Ilus is especially true ,f the source 210 initially 400 of an alternative embodiment of the preseni invention 

provides hght of only the desjred polarity. In that case, very so The projection display apparatus 400 is essentially the same 

tittle light wdl actually pass through the reflecting polarizer as the apparatus 200, but X-cube beam spUttcr/combiner230 

220 anyway, so the minor 250 can be eliminated. Even if the of the apparatus 200 is replaced with a prism 430 the 

light a not prefiJtered in this way, the minor 250 could be reflecting polarizing LCDs 241, 242, 243 are replaced with 

eliminated without detracting from the spirit of the inven- the reflecting polarizing LCDs 441, 442, 443, respectively, 

°™ „ , „ ss and a number of optional polarizing filters arc included in 

ine i-polanzed light 221, after passing through the filter the apparatus 400. 

lift!? ™° d rT ' ' n DS 270 ; 1 J n P resen ') rcnects o(r «>' a »"» The optional polarizing filters shown- in FIG. 14 include 

uSe^ce i£ «r„r T v ^ ^ Primary ,he clean - u P P° larizin S fi,ter 26l > a Pre-Polarizer 264 imme- 

230 T? v r X f Ube u bcam sP^/tomb"*' lately downstream of the lamp 210 to provide clean-up 

230. Fbe X-cube beam , splitter/combiner 230 then splits the «o polarization, an absorptive polarizer 263 laminated to the 

[t^H S-polanzed hght into blue, green, and red tight rays polarizer/analyzer 220. and/or an absorptive polarizer 262 

SfnJttS* f!^ v"^? ? b ' Ue ^ fiyS lhr ° Ugb 4 SeCO0d be,weeD P°l*nzer/analyzer 220 and lens 260 for clean-up. 

plane 232 of the X-cube beam splitter/combiner 230, directs Any or all of the filters 261. 262. 263. and 264 could be 

substantially^ all green light rays through a third plane 233 of omitted, or all could be included, in apparatus 400- likewise 

£,Ii?7m ^ s P"tter/combmer230, «* directs substan- 65 any or all of these filters could be included in the apparatus* 

X n h hT ^ T u roUBb ^ f ° Unb pllQC 234 ° f Ulc of olher ^bodiments of the preseni invention described 

X-cube beam splitter/combiner 230. herein. 
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The prism 430 includes a plane 434 through which red 
light is transmitted, a plane 433 through which green light is 
transmitted, and a plane 432 through which blue light is 
iraasmitted. The reflecting polarizing LCDs 441, 442, 443 
241*242^243 mC rDan ° Cr ^ lbe rcflcctill 8 polarizing LCDs 

FIG. 14A is a top view of the projection display apparatus 
450 of another embodiment of the present invention. The 
projection display apparatus 450 is similar to the apparatus 
200 but only a single reflecting/polarizing LCD 452 is used 
and no beam splitter/combiner is utilized. A color wheel or 
shutter 451 is provided prior to the polarizer/analyzer 220. 
The color wheel 451 acts to provide time -sequential red, 
green, and blue light, so that the projection display apparatus 
450 is a color sequential system. The reflecting/polarizing 
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For monochrome applications, one could modify the 
projection display apparatus 200 to omit the beam splitter/ 
combiner 230 and LCDs 241 and 243. Alternatively, if one 
wished to use a reflective principle with a monochrome 
application, one could use the apparatus 700 but omit the 
prism 330 and the LCDs 341 and 343. 

The projection display apparatus 200, 300, 400, 450, 500, 
600, and 700 is advantageous over systems such as those' 
shown in U.S. Pat. No. 5,453,859 in part because a wide 
angle reflecting polarizer (such as 3M DBEF) is used as the 
reflecting polarizer 220. Further, the filters 21 and 18 and the 
mirror 250, if used, cause a substantial portion of the light 
to be redirected into lamp 11 for absorption and re-emission. 
Additionally, any light reflected from an "off" pixel in the 



— „ „ ^ M u^un<ii ajfdicuj. idc reuecuDg/poianzLDg nuuiuuuduy, any ngni reneaea rrom an oir pixel in the 

LCD 452 then receives red, green and blue data during the 15 reflecting, polarizing LCDs is reflected back to the lamp 11 

appropriate period in synchronization with the color wheel by ^ action of the LCD and the polarizer/analyzer 220 as 

451. The viewer's eye then integrates the three separate the u ofT pixel light has not been retarded by the LCD, so the 

images into a single multicolor image. polarization is such that the light is reflected by the polarizer/ 

FIG. 15 is a top view of the projection display apparatus analyzer 220 back to the lamp U. Thus, efficiency is 

500 of another embodiment of the present invention. The 20 increased at a system level due to these types of reflected 

projection display apparatus 500 is similar to the apparatus ' ^* 



200, but X-cube beam splitter/combiner 230 of the apparatus 
200 is replaced with a prism 530, and the reflecting polar- 
izing LCDs 241 and 243 arc replaced with the reflecting 
polarizing LCDs 541 and 543, respectively. The reflecting 
polarizing LCD 242 is omitted. 

The prism 530 includes a plane 534 through which a 
single color light, for example, red, is transmitted and a 
plane 532 through which two colors of light, blue and green 
for example, are transmitted. The reflecting polarizing LCDs 
541 and 543 work in the same manner as the reflecting 
polarizing LCDs 241 and 243. Reflecting polarizing LCD 
541 operates like reflective polarized LCD 452 of FIG. 14A, 
except that sequential modulation is done of only two colors. 

FIG. 16 is a top view of the projection display apparatus 
600 of another alternative embodiment of the present inven- 
tion. The projection display apparatus 600 is similar to the 
apparatus 500, but the prism 530 of the apparatus 500 is 
replaced with a prism 630, and the reflecting polarizing 
LCDs 541 and 543 are replaced with the reflecting polariz- 
ing LCDs 641 and 643, respectively. 

The prism 630 includes a planar surface 634 through 
which a first color of light is transmitted and a planar surface 
632 through which two other colors of light are transmitted. 
The reflecting polarizing LCDs 641 and 643 work in the 
same manner as the reflecting polarizing LCDs 541 and 543. 

FIG. 17 is a top view of the projection display apparatus 
of yet another alternative embodiment of the present 
invention, projection display apparatus 700. The projection 
display apparatus 700 is perhaps most similar to the projec- 
tion display apparatus 300, but works on a reflective, rather 
than transmissive, principle. In apparatus 700, the light 
source 210 is replaced with a light source 710, and the light 
source 710 primarily produces P-poIarized light 222 and 
only incidentally produces S-polarized light 221. In the 
apparatus 700, the positions of the light source 710 and the 
lens 260 arc switched; mirror 250 still reflects light of an 
undesired polarity back into the light source 710, but in this 
case the undesired polarity is S-polarizcd light. The reflect- 
ing polarizing LCDs 341, 342, 343 work in the same manner 
as in the apparatus 300, changing the polarity of so much of 
the light as is desired to be transmitted to lens 260. 

Apparatus 200, 400, 450, 500, and 600 could all be 
modified to reflect from polarizer/analyzer 220 rather than 65 
transmit through polarizer/analyzer 220 an image into lens 
260. 
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As used herein, "wide angle reflecting polarizer** means a 
reflecting polarizer that substantially transmits light of one 
polarization and reflects light of another through a wide 
variation in angles. Typical reflecting polarizers only operate 
properly at an angle very close to the Brewster angle. Wide 
angle refection polarizers operate at a variety of angles. 

It will also be appreciated that a variety of other optical 
components can be included in the embodiments disclosed 
in FIGS. 11-17. For example, the light out of the source 210 
could be immediately polarized, with the needed polarity of 
light reflected into the source. This could occur, for example, 
between the lens 270 and the source 210. Further, the lens 
270 couid be placed at different points in the optical path 
without detracting from the spirit of the invention. Also, 
although a variety of devices are shown for creating the 
polarized image, the specific device is not critical. A wide 
variety of image engines which create a polarized image 
could be used with the wide angle reflecting polarizer in a 
system according to the invention. For example, instead of 
providing three LCDs 241, 242, and 243 as shown in FIG. 
12, a color sequential system using a single LCD could be 
used. By using a wide angle reflecting polarizer in a system 
that utilizes polarization to create images, the tolerances are 
relaxed and the system becomes easier to construct and 
maintain. 

The foregoing embodiments arc presented by way of 
example only; the scope of the present invention is to be 
limited only by the following claims. 

What is claimed is: 

1. A projection display apparatus comprising: 

a light source adapted to provide a light beam; 

a wide angle reflecting polarizer adapted to pass substan- 
tially all light of a first polarization component of the 
light beam, and to reflect substantially all light of a 
second polarization component of the light beam; and 

an image engine adapted to receive one of the first or 
second polarization components and to return to said 
wide angle reflecting polarizer a polarized image in 
which polarizauoo of the one of the first or second 
polarization components is shifted corresponding to an 
image to display to include portions of the second or 
first polarization components, wherein the image 
engine further includes a prism for splitting rays of 
polarized light received from the reflecting polarizer 
into the first and second color band, wherein the first 
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color band is passed through a color wbeel/shuitcr lo a 
single LCD for color sequential operation, and wherein 
the second color band is passed to a second LCD. 

2. The apparatus of claim 1, wherein the wide angle 
reflecting polarizer comprises a double brightness enhance- 
ment 61m. 

3. The apparatus of claim 1, further comprising a mirror 
positioned on an opposite side of the wide angle reflecting 
polarizer with respect to the light source. 

4. The apparatus of claim 1, further comprising a means 
of modifying the direction of the rays of light. 

5. The apparatus of claim l f further comprising: 

a projection apparatus for producing an image display on 
a display surface, the projection apparatus including: 
a display surface; 
an optical device; and 

means for transmitting light from the image engine to the 
display surface such that the light travels an image path 
which reaches the optica] device twice on its way to the 
display surface, for reflecting light from a display 
screen at one instance, and for passing through the 
display screen at another instance, wherein the optical 
device is reflective of some light and transmissivc of 
other light, and the display surface is substantially 
coextensive with the optical device. 

6. The apparatus of claim 1, wherein the image engine 
receives the first polarized portion passed through said wide 
angle reflecting polarizer. 

7. The apparatus of claim 1, wherein the image engine 
receives the second polarized portion reflected from said 
wide angle reflecting polarizer. 

8. The apparatus of claim 1, wherein the beam of light is 
directed by the light source to the wide angle reflecting 
polarizer a; an angle substantially 45° from a surface formed 
by the reflecting polarizer. 

9. The apparatus of claim I, wherein the beam of light is 
directed by the light source to the wide angie reflecting 
polarizer at an angle other than substantially 45° from a 
surface formed by the reflecting polarizer. 

10. A projection display apparatus comprising: 
a source of rays of polarized light; 

a wide angle reflecting polarizer aligned at an angle to the 
rays of polarized light for passing substantially all of 
the rays of polarized light which are polarized in a first 
direction and for reflecting substantially all of the rays 
of polarized Light which are polarized in a second 
direction; 

a prism for splitting incident rays of polarized light from 
the reflecting polarizer into a first and second color 
bands of rays; 

a color wheel/shuuer for receiving the first color band of 
rays from the prism and for sequentially passing rays of 
a first color and of a second color in the first color band; 

a first reflecting polarizing LCD for receiving the sequen- 
tially passed rays of the first color and of the second 
color in the first color band, for shifting the polarization 
of none, some, or all of the sequentially passed rays, 
and for directing the rays back into the prism; 

a second reflecting polarizing LCD for receiving the 
second color band for rays from the beam splitter/ 
combiner, for shifting the polarization of none, some, 
or all of the second color band of rays, and for directing 
the rays back into the prism; and 

a lens for receiving and transmitting substantially all of 
the rays of polarized light whose polarity has been 
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shifted and which have passed from the prism to the 
wide angle reflecting polarizer. 

11. The apparatus of claim 10, wherein the wide angle 
reflecting polarizer comprises a double brightness enhance- 
ment film. 

12. The apparatus of claim 10, wherein the first color band 
is green and blue and wherein the second color band is red. 

13. A projection display apparatus comprising: 
a source of rays of polarized light; 
a wide angle reflecting polarizer aligned at an angle to the 

rays of polarized light for passing substantially all of 
the rays of polarized light which are polarized in a first 
direction and for reflecting substantially all of the rays 
of polarized light which are polarized in a second 
direction; 

a prism for splitting incident rays of polarized light from 
the reflecting polarizer into a first and second color 
bands of rays; 

a color wheel/shutter for receiving the first color band of 
rays from the prism and for sequentially passing rays of 
a first color and of a second color in the first color band; 
a first reflecting polarizing LCD for receiving the sequen- 
tially passed rays of the first color and of the second 
color in the first color band, for shifting the polarization 
of none, some, or all of the sequentially passed rays, 
and for directing the rays back into the prism; 
a second reflecting polarizing LCD for receiving the 
second color band for rays from the prism, for shifting 
the polarization of none, some, or all of the second 
color band of rays, and for directing the rays back into 
the prism; 

a lens for receiving and transmitting substantially all of 
the rays of polarized light whose polarity has been 
shifted and which have passed from the prism to the 
wide angle reflecting polarizer, and 

a display surface for receiving rays from the lens. 

14. The apparatus of claim 13, further comprising: 

an optical device interposed between the lens and the 
display surface such that the rays travel an image path 
which reaches the optics twice before reaching the 
display surface, wherein the optical device is reflective 
of some light and transmissive of other light. 

15. The apparatus of claim 13, wherein the wide angle 
reflecting polarizer comprises a double brightness enhance- 
ment film. 

1 6. The apparatus of claim 13, wherein the first color band 
is green and blue and wherein the second color band is red. 

17. A projection display engine apparatus that receives a 
beam of light from a light source, comprising: 

a wide angle reflecting polarizer for passing substantially 
all of a first polarized portion of the beam that is 
polarized in a first direction, and reflecting substantially 
all of a second polarized portion of the beam that is 
polarized in a second direction; and 

an image engine that receives one of the first or second 
polarized portions and returns lo said wide angle 
reflecting polarizer a polarized image in which the 
polarization of the one of the first or second polarized 
portions is shifted corresponding to an image to display 
to include components of the second or first polarized 
portions, wherein the image engine further includes a 
prism for splitting rays of polarized light received from 
the reflecting polarizer into a first and second color 
band, wherein the first color band is passed through a 
color wbeet/shultcr to a single LCD for color sequential 
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operation, and wherein ihe second color band is passed 
to a second LCD. 

18. The apparatus of claim 17, wherein the wide angle 
reflecting polarizer comprises a double brightness enhance- 
ment 61m. 

19. The apparatus of claim 17 further comprising a mirror 
positioned on an opposite side of the wide angle reflecting 
polarizer with respect to the light source. 

20. The apparatus of claim 17, further comprising a means 
of modifying the direction of the rays of light. 

21. The apparatus of claim 17, further comprising: 
a projection apparatus for producing an image display on 

a display surface, the projection apparatus including: 
a display surface; 
an optical device; and 

means for transmitting light from the image engine to the 
display surface such that the light travels an image path 
wicb reaches the optical device twice on its way to the 
display surface, for reflecting light from a display 
screen at one instance, and for passing through the 
display screen at another instance, wherein the optical 
device is reflective of some light and transmissive of 
other light, and the display surface is substantially 
coextensive with the optical device. 

22. The apparatus of claim 17, wherein the image engine 
receives the first polarized portion passed through said wide 25 
angle reflecting polarizer. 

23. The apparatus of claim 17, wherein the image engine 
receives the second polarized portion reflected from said 
wide angle reflecting polarizer. 

24. The apparatus of claim 17, wherein the beam of light 
is directed from the light source to the wide angle reflecting 
polarizer at an angle substantially 45° from a surface formed 
by the reflecting polarizer. 

25. The apparatus of claim 17, wherein the beam of light 
is dieted from the light source to the wide angle reflecting 
polarizer at an angle other than substantially 45° from a 
surface formed by the reflecting polarizer. 

26. A projection display apparatus comprising: 
light source providing a beam of light; 
a wide angle reflecting polarizer for passing substantially 

ail of a first polarized portion of the beam that is 
polarized in a first direction, and reflecting substantially 
all of a second polarized portion of the beam that is 
polarized in a second direction; 
an image engine that receives one of the first or second 
polarized portions and returns to said wide angle 
reflecting polarizer a polarized image in which the 
polarization of the one of the first or second polarized 
portions is shifted corresponding to an image to display 
to include components of the second or first polarized 
portion; and 

a projection apparatus for producing an image display on 
a display surface, the projection apparatus comprising: 
a display surface, 

an optical device, wherein the optical device is reflec- 
tive of some light and transmissive other light, and 
means for transmitting light from the optical device to 
the display surface, wherein the means for transmit- 
ting light comprises an achromatic retarder, such that 
tbe light travels an image path that reaches the 
optical device twice and is retarded by the achro- 
malic retarder on its way to the display surface. 
27. A method of producing a visual image comprising: 
providing a light source providing a beam of light; 
directing the light onto a wide angle reflecting polarizer 
for passing substantially all of a first portion of the 
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beam which is polarized in a first direction and for 
reflecting substantially all of a second portion of the 
beam which, is polarized in a second direction; 

receiving one of the first or second portions in an image 
engine: 

shifting the polarity of the one of the first or second 
portions corresponding to an image to be displayed to 
include components of the second or first portion to 
yield a polarized image; and 
returning the polarized image to the wide angle reflecting 
polarizer wherein the method is performed in a projec- 
tion apparatus for producing an image display on a 
display surface, the projection apparatus comprising: 
a display surface, 

the wide angle reflecting polarizer, and 
means for transmitting light from the wide angle 
reflecting polarizer to tbe display surface, wherein 
the means for transmitting light comprises an ach- 
romatic retarder, such that the light travels an image 
path that reaches the wide angle reflecting polarizer 
twice and is retarded by the achromatic retarder on 
its way to the display surface. 
28. A projection system comprising: 
a source of rays of polarized light; 
a wide angle reflecting polarizer aligned at an angle to the 
rays of polarized light for passing substantially ail of 
the rays of polarized light which are polarized in a first 
direction and for reflecting substantially all of the rays 
of polarized light which are polarized in a second 
direction; 

a beam splitter/combiner, having a first, primary inci- 
dence plane aligned at an angle to tbe wide angle 
reflecting polarizer, for splitting incident rays of polar- 
ized light from the reflecting polarizer into a first 
second, and third color of light rays; 
a first reflecting polarizing LCD for receiving the first 
color of light rays from the beam splitter/combiner, 
shifting the polarization of none, some, or all of the first 
color of light rays, and directing the first color of light 
rays back into tbe beam splitter/combiner; 
a second reflecting polarizing LCD for receiving the 
second color of light rays from the beam sputter/ 
combiner, shifting the polarization of none, some, or all 
of the second color of light rays, and directing the 
second color of light rays back into the beam splitter/ 
combiner, 

i third reflecting polarizing LCD for receiving the third 
color of light rays from the beam sputter/combiner, 
shifting tbe polarization of none, some, or all of the' 
third color of light rays, and directing the third color of 
light rays back into the beam splitter/combiner, 
a lens for receiving and transmitting substantially all of 
the rays of polarized light whose polarity has been 
shifted and which have been passed from the beam 
splitter/combiner to the wide angle reflecting polarizer; 
a display surface for receiving rays from the lens; and 
an optical device interposed between the lens and the 
display surface such that tbe rays travel an image path 
that reaches the optics twice, passing through an ach- 
romatic retarder, before reaching the display surface, 
wherein the optical device is reflective of some light 
and transmissive of other light. 
29. The projection display apparatus of claim 1, wherein 
the wide-angle polarizer is adapted to be positioned at 
approximately 45 degrees relative to the light beam. 
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30. The projection display apparatus of claim 1. wherein 
me w.dc-aogle polanzer is adapted to be positioned relative 
to the light bean, at angles substantially away from any 
Brewster angle of the light beam entering the wide-angle 
polanzer. & 

,ii a' Vl, PI t !! Cti0 ° di ?' ay ipparatus of claim *• w berem 5 
all the light of the second polarization component of the light 
bean, reflected by the wide-angle polarizer is reflected from 
a same surface of the wide-angle polarizer. 

32. The projection display apparatus of claim 1, wherein 10 
ail the light of the second polarization component of the light 
beam reflected by the wide-angle polarizer is reflected into 
the same optical path. 

_ 33. The projection display apparatus of claim 26, wherein 
the wide angle reflecting polarizer comprises a double is 
brightness enhancement film. 

34. The projection display apparatus of claim 26, wherein 
the optical device comprises a double brightness enhance- 
ment aim. 

35lDe method of claim 27, wherein the wide angle 20 
reflecting polarizer comprises a double brightness enhance- 
ment film. 

36. Tbc method of claim 27, wherein the optical device 
composes a double brightness enhancement film 

37. The projection system of claim 28, wherein the wide 25 
angle reflecting polarizer comprises a double brightness 
enhancement film. 
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38. The projection system of claim 28, wherein the optical 
device comprises a double brightness enhancement film 

39 The apparatus of claim 26, further comprising a 
reflecting device positioned on an opposite side of the wide 
angle reflecting polarizer with respect to the light source 

$5%, " CODfi 8 ured Meeting 
light of the first polarized portion through Ihe wide angle 
reflecting polanzer to the light source 

. ^ JI* m ^ b ° d 0f claim 21 ' furtber comprising providing 
a reflecting dev.ee on an opposite side of the wide angli 

L D ~? E J X,h ™ :r ^ "*P«:« to the light source, wherein 
the reflecting device is configured for reflecting the first 
portion of the beam through the wide angle reflect™ 
polanzer to the light source. "«-ung 
41 The apparatus of claim 28, further comprising a 
reflecting devxx positioned on an opposite side of the wide 
angle reflectong polarizer with respect to the source of rays 
of polarized light, wherein the reflecting device is confie- 

through the wide angle reflecting polarizer to the lisfat 

source. 

42. The apparatus of claim 1, wherein the image engine 
further comprises a color wbeel&butter between the light 
sour^and an LCD for color sequential operation, wherein 
the LCD is adapted to generate the polarized image and to 
control the brightness of the polarized image. 



